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Abstract
THE ENVIRONMENTAL IMPACT ASSESSMENT OF HOSPITAL WASTE
INCINERATORS
This thesis makes a study of the environmental impact
of waste incineration and particularly of hospital waste
incineration. Literature relevant to the topic is
discussed. The environmental impact of the incineration
process itself and the different methods used in the
disposal of wastes was assessed.
The nature of waste is reviewed in relation to
quantities, composition and classification. Legislation
concerning hospital waste disposal is summarised.
The study also focuses on methods of waste disposal
including the characteristics and nature of incineration,
the activities involved in the combustion process of
hospital waste and the nature of incinerator stack
emissions and the biological material released to the
environment. Other methods of disposal are explained. The
perceived and inherent risks associated with hospital waste
incineration are discussed.
The results of the data collected during this research
are presented, analyzed and discussed. The thesis also
anal yses the link between hospital waste incineration and
EIA. 1n addition the importance of the effects of hospital
waste incineration on human health are discussed.
Environmental Impact Assessment (EIA) is discussed
including its methodology. The advantages, disadvantages
and its use in the UK and Iran are reviewed.
A critique of the Environmental Impact Assessment
submitted by Environmental Technology Consultants Ltd.
(ETC). for the proposed incinerator at Kirkby is given.
The thesis concludes with a consideration of the
application of EIA techniques to planning applications for
hospital waste incinerator and makes a number of
recommendations as to their use and applicability.
CHAPTER ONE
GENERAL INTRODUCTION
21.1 Introduction
A proposition to site a waste processing facility in
any community often meets with stiff opposition. The
opposition often results from anxiety, anxiety which
centres on the possibility of being victims of an
'environmental disaster'. The public often perceives such
facilities as an environmental hazard.
The prediction of the performance of a hazardous waste
project is a difficult process. To alleviate this dilemma,
a critical step in the design of a new waste facility would
be to employ the most advanced waste management
technologies as well as creating newer and improved
facilities. Despite the advances made in the improvement
of waste management technologies, acquiring sites on which
to operate the facilities is an exceptionally difficult
task. Although the public is very keen to have hazardous
wastes managed properly and safely, nobody wants it managed
near them.
Most people do not want hazardous waste incineration
facilities in their 'back yards' because of the perceived
impacts of such projects. Such 'impacts' include emission
from chimneys, noise, traffic, and the perceived impact on
property values. Incineration is one method of waste
disposal, and this method has become popular over the last
ten years and the topic has received more than its fair
3share of publicity, some of which has been adverse.
It is believed that modern incineration can provide
an effective solution to the problems which were created
by waste disposal by landfill such as smell, the
contamination of water supply, partial damage to large
areas of land and the aesthetically objectionable
appearance of landfill sites. Incineration reduces the
volume of waste and the end product is a sterile ash. Heat
recovery may be possible resulting in a considerable saving
in fuel costs. Air pollution is, however, a possible major
hazard and may lead to environmental and health problems.
1.2 Aims of study
This thesis aims to study the environmental impact of
waste incineration and particularly of hospital waste
incineration. The study combines a detailed survey of the
literature on waste incineration with two case studies in
local communities:- that of Kirkby in North West England,
and that of the city of Ahwaz in South West Iran. As a
result of the above studies a critique of the applications
of EIA techniques to hospital waste incineration will be
produced.
In n' research I hoped to identify the shared concerns
of the two communities and to evaluate the public
4opposition to incinerator schemes. In addition I hoped to
make recommendations as to how the environmental impact of
such schemes may be reduced.
1.3 Outline
This thesis is divided into 11 chapters. Chapter one,
reviews in detail existing literature relevant to this
research project. It assesses the incineration process
itself and the different methods used in the disposal of
wastes. A detailed review of the process of hospital
incineration Environmental Impact Assessment and attitudes
towards siting a hazardous or hospital incinerator is
undertaken.
Chapter two discusses waste in relation to
quantities, composition and classification. It includes
legislation concerning hospital waste disposal and the
environmental problem of waste disposal.
Chapter three focuses on methods of waste disposal
including the characteristics and nature of incineration,
the activities involved in the combustion process of
hospital waste and the nature of incinerator stack
emissions. The biological material released to the
environment are described. Other methods of disposal are
discussed.
Chapter four discusses the perceived and inherent
5risks associated with hospital waste incinerations. It
defines risk and attempts an assessment of the levels of
acceptability of risks. It also examines existing theories
of risk and does an in depth review of risk evaluation
methods. Such methods as exposed preferences, risk- cost
benefit analysis, natural standards and expressed
preferences are discussed and assessed. The chapter
continues with ways of determining accident and chemical
risks and concludes with a discussion of the problems
encountered in risk analysis.
Chapter five discusses Environmental Impact
Assessment, EIA including the methods used to produce an
EIA. The advantages, disadvantages and its use in the UK
and Iran are reviewed. This chapter also discusses
Environmental Health Impact Assessment (EHIA).
Chapter six is concerned with a critique of an
Environmental Impact Assessment submitted by Environmental
Technology Consultants Ltd. (ETC).
Chapters seven and eight discuss the perception of
residents about hospital incinerators and includes two
separate case studies from the UK (Kirkby) and Iran
(Miwaz). The results of the data collected during this
research are presented in these chapters and are analyzed
and discussed.
6Chapter nine discusses the effect of hospital waste
incineration on human health. The factors influencing human
exposure are identified and evaluated. The factors which
cause the most harm to human health, such as products of
incomplete combustion, halogens, the oxides of nitrogen and
sulphur, particulate and trace metals and their complexes
are discussed. The health effects of chemical substances,
such as liver injury, cancer and respiratory disorders, are
reviewed in the later sections of this chapter. The chapter
concludes with a review of the psychological and social
impacts of hospital waste incineration in a given locality.
Chapter ten is concerned with a critique of some EIA
methods. This chapter also analyses the application of the
Leopold's Matrix in the installation of hospital waste
incinerations.
Chapter eleven is presented as a conclusion and
makes a number of recommendations.
1.4 General Literature Survey
Although there have been many studies of incinerators
in general, few studies have been published of hospital
incinerators in particular. One example of a hospital
incinerator study was carried out by the Incinerator
Institute of America in 1968. The disposal of infectious
solid waste and human body tissue waste became a problem
7to a hospital in Los Angles, USA. The air pollution control
district began to ban the use of on-site hospital
incinerators. The design of the hospital incinerators had
been inadequate to completely coxnbust the waste being
incinerated. Clouds of dark smoke linked with odours from
incomplete combustion resulted in plentiful complaints from
hospital neighbours (Kremer, et al., 1975).
The United States Army installed a new hospital waste
incinerator at the Walson Army community hospital in New
Jersey, during 1980 to dispose of medical and related
waste. Murnyak and Guzewich reported as follow :
Chloride/Chlorine emissions from a hospital's medical
waste incinerator were quantified in conjunction with a
particulate emission stack test. Chlorine emissions
averaged 100.5 mg/rn3
 with a standard deviation of 72 mg/rn3
for five sample runs. It was estimated that the plastic
content of the waste burned varied up to about 30%. Since,
in general, emission standards for chlorine from medical
waste incinerators do not exist, a simple diffusion model
technique is suggested to estimate a safe distance to
locate a medical waste incinerator from occupied
buildings. (Murnyak and Guzenich, 1982).
The available literature on the matter of bacterial
emissions from hospital incinerators comes from five
studies (see chapter 3). Waste spiked with Bacillus
subtilis was incinerated in a hospital incinerator.
Although bacteria s. found in the hospital incinerator
stack gas, no Bacillus subtilis were recovered from the
stack gas. This result suggests that the source of the
stack gas bacteria was not from the unburned waste or from
out-door air. Analysis of samples of air from the
8incinerator room shows that the source of stack gas
bacteria was most likely the combustion air (Allen, et
al.,1989)
Recent studies in the United Statelof america and
Europe shows that adipose tissue and human breast milk are
contaminated with polychiorinated dibenzo-p-dioxins (PCDDs)
and polychiorinated dibenzofurans (PCD ;Fs), (Schecter, et
al.,1985; Ryan et al., 1985; Nygren, et al.,l987). Connett
and Webster discuss a model for estimating the
concentration of 2,3,7,8- tetra chlorodibenzo-p-dioxin
(TCDD) in milk from a cow grazing near an incinerator.
Their estimates show that one litre of milk is equal to
breathing the air at the same point as the grazing cow for
about eight months. They reported, the daily dose could be
even higher for high-fat dairy products produced from this
milk. For instance, ingestion of about one hundred and
fourteen grams (one quarter pound) of butter would be
equivalent to about 1.5 years of inhalation (Connett and
Webster, 1987).
Lloyd, et al. (1988) reported about twinning in human
populations and in cattle exposed to air pollution from
incinerators.
U The incineration of chemical and other waste may release
polychiorinated hydrocarbons, some of which have
oestrogenic properties. Increased numbers of twins had been
reported anecdotally in cattle at risk from plumes from two
incinerators near the town of Bonnybridge in central
Scotland and also in cattle near a chemical factory in
Eire. It was decided to follow up these reports in central
Scotland and also to test the hypothesis that the frequency
9of human twinning might be increased there. Data on human
twin and single births in hospitals in central Scotland
were obtained for the years 1975-83. The twinning rates in
areas exposed to airborne pollution from incinerators were
compared with the background rates present in neighbouring
areas. Farmers provided information on calving among the
herds of two farms close to the incinerators. The frequency
of human twinning was increased, particularly after 1979,
in the areas most at risk from air pollution from the
incinerators. inong the dairy cattle, there was a dramatic
increase in twinning at about the same time." (Lioyd, et
al., 1988).
Lee, et al., provide an overview of hazardous / toxic
waste incineration. This paper presents an incineration
summary ranging from analyáis of broad regulatory and
permitting requirements through more detailed explanations
of typical incineration processes and monitoring
techniques. Incineration has been identified as a very
efficient process to eliminate the hazardous waste produced
by industry (Lee,C.C., et al., 1986).
Garner and Favero (1985) reported there is no
epidemiologic documentation to indicate that most hospital
waste is any more infective than domestic waste. Also
there is no epidemiologic documentation that hospital waste
disposal practices have caused disease in the community.
Therefore, recognising wastes for which special precautions
are indicated is mostly a matter of judgment about the
relative risk of disease transmission, particularly for
pathological wastes (Garner and Favero, 1985).
Openshaw et al. (1987) reported that there may be a
link between incineration and ill health in their work on
10
childhood leukaemia in Newcastle. This study, as well as
confirming the occurrence of a 'cluster' of cases near the
Sellafield nuclear reprocessing plant, has shown the
presence of a further cluster in Gateshead, a finding which
has been linked tentatively to the presence there of a
municipal incinerator.
According to Gatrell and Lovett (1992) incineration
is not the only form of waste disposal that may increase
health problems. Control tipping or landfill accounts for
by far the greatest percentage of hazardous waste disposal,
and if sites are poorly located in relation to underground
hydrology, and the leachate leaks into surrounding
aquifers, then people may suffer from groundwater
contamination. They concluded that, if we are to make
improvements in assessing potential links between
incineration and human health we need access to better
information. If there is actually a link with incineration
and cancer of the larynx then such a link may take years
to display itself. They believe that in the absence of
additional information it is foolish to claim that living
near an incinerator has 'caused'cancer of the larynx. It
may be more beneficial to look for potential links to
respiratory diseases and to monitor attendances at general
practitioner surgeries. They have also highlighted the need
for better information on congenital malformations if there
is to be any improvement in studying possible environmental
factors in the aetiology of eye defects (Gatrell and
11
Lovett, 1992).
Much risk assessment work for hazardous waste
incineration has been done. Oppelt (1987) reported that
most attention has been focused on the risk associated with
air pollution emissions. This is because they appear to
represent the most important source of off-site human
exposure and there is no opportunity for secondary
containment or treatment of emissions once they leave the
stack. The typical result of these explanations indicates
that the individual cancer risk because of hazardous waste
incineration over seventy years of life is of the order of
one in 100,000,000,000 (10-11) to 100,000 (l0) (Oppelt,
1987)
Sloane and Sherbine (1988) have reported a preliminary
analysis of municipal waste incinerator reliability based
on incomplete design data and no control information
(Sloane and Sherbine, 1988).
Publications and reports show that the utilization of
EIA techniques in hospital waste incinerators is very poor.
The calculations of potential impacts have used many
assumptions which could be significantly improved by
empirical data (see chapter five). But there are many
publications about different aspects of environmental
impact and incinerators for example, Wilson and Miller,
1978; Hjelmar, 1982; Kent and Prickett, 1985; Cundari and
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Lauria, 1986; Woodfield, 1987; Repa and Kiser, 1988;
Kellerxneyer and Ziexner, 1989.
The environmental impacts correlated with hospital
waste incinerator ash management can be classified into two
extensive categories, short-term (fugitive emission)
release and long-term (].eachate) release. Short-term
release refers to the impacts correlated with ash handling
and transport. The Environmental Protection Agency (EPA)
has issued draft guidance regarding proper handling,
transport and design of disposal units (EPA, 1988a). Short-
term impacts are primarily air emissions and do not appear
to illustrate significant pathways of exposure and
environmental impacts when basic mitigation measures are
used at the incineration facility and ash disposal site.
The methods for verifying this in short-term contaminant
releases, are not well established (Kellermeyer, et al.,
1987). Long-term contaminant release to the environment
produces surface water, groundwater and soil contamination
as a result of leachate production (Woodfield, 1987).
During the 1980's the U.K. public was made acutely
aware of the hazardous waste and disposal pathways issue
by continuous media coverage of the environment. The
complications of the issue were brought to the public's
attention by radio, television, newspaper, magazine and
pamphlet coverage of the hazards of municipal and hospital
incinerators. For example, recently, there have been
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many articles in the local Press reporting on a proposed
plan to build a hospital incinerator in the Kirkby area of
Merseyside (See Appendix2.).
In spite of the many technological advances in solid
waste incineration, increasing opposition is common among
many officials and some vocal portions of the residents
tending to prevent the use of incineration as a waste
management strategy. This opposition is the outcome of many
forces, containing memories and knowledge of earlier
incineration technologies that have now been abandoned,
and growing information concerning potential problems that
could be caused by extreme emission from hospital
incinerators, and general public scepticism concerning
incineration as a solution to hospital waste disposal
problems.
A waste management plan for the disposal of hazardous
waste or hospital waste should contain all aspects of an
Environmental Impact Assessment (EIA). Cross et al. (1990)
discuss the hazards relating to the disposal of various
types of waste. The UK Department of Health and Human
Services (1978) discussed the isolation techniques suitable
for use in hospitals. Among the literature on the different
treatment techniques, the principles of sterilization and
waste sterilization are described by Rubbo and Gardner,
(1965); Perkins, (1969); and Block & Netherton, (1977). The
EPA (1988 b). reported on the results of a study of air
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emissions from hospital waste incineration. The WHO (1985
c). reviewed recent developments in the handling,
transport, treatment and disposal of waste for hospitals.
Johns Hopkins Hospital (1979) reported on the policies and
procedures for the control of infections in hospital waste.
McCrae (1980) described waste generation; rates, waste
characteristics, visible emissions from the Royal Jubilee
Hospital in Victoria, B.C., and discussed reduction
ratios, system gross and net costs, and heat recovery for
hospital waste incineration.
In the United Kingdom, a study was commissioned by the
Department of the Environment (1989) to monitor the level
of polychlor±nated biphenyls (PCBs), polychlorinated
dibenzofurans (PCDFs) and Polychlorinated dibenzo-p-dioxins
(PCDDs) in the environment. This report confirmed that
these substances are ubiquitous in the environment. Signs
were also found in milk, human and animal fats, and other
biological tissues. The importance of these findings for
human health will be discussed in chapter six.
The problems arising from hazardous and hospital
waste disposal have been widely reported in the UK by
Hnatko (1975), Lund (1977), and a report made jointly for
the Oxford Area Health Authority and the Waste Disposal
Department of Oxfordshire County Council by the
Environmental Safety Group, Harwell. This report was
commissioned because of operating difficulties at the
15
incinerator. These difficulties were from lack of capacity
producing excessive fumes and smoke. The Oxford Waste
Disposal Authority commissioned a report on the respective
costs of incineration and disposal by landfill for hospital
waste.
The Department of the Environment, through its
directorate of Air, Noise and Waste has the responsibility
of ensuring that waste generated in Great Britain is
disposed of in an environmentally acceptable manner. The
Department of the Environment (1983) commissioned work to
study clinical waste disposal problems. This study
concentrated principally on the segregation, handling and
transport of clinical wastes within the hospital
environment. The report also concentrated on the final
disposal of such wastes and studied the different available
options. The first part of the paper is a code of practice
for the disposal of clinical waste, and in part two it
gives more advice on such matters as the evaluation of
clinical waste, its sources, segregation, collection,
transport and disposal. It suggested that all clinical
wastes which are non-infectious and non-hazardous may be
disposed of by landfill. Incineration is recommended as the
only disposal route for haematological and laboratory
wastes, human tissue and infected wastes.
The Health Services Advisory Committee (1982) on the
request of the Health and Safety Commission Executive
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published a paper entitled The Safe Disposal of Clinical
Waste ". Tickell and Watson (1992) stated, "dirty old
incinerators are the dumping grounds for most clinical
waste. Tougher laws are putting pressure on Britain's
hospital managers to clean up their act."
Woodfield (1987) produced a paper at the request of
the Department of the Environment. This study covers an
extensive range of pollutants but pays special attention
to heavy metal and dioxin emissions. It reviews large
municipal solid waste incineration plants in the UK,and
compares them with those in other developed countries. The
study does not consider the incineration of hospital waste,
but some mention is made of the environmental impact of
incineration.
Problems arising from waste and hospital waste are not
peculiar to the UK but have been reported in the USA by
National Analysts (1973) and Sigler's (1973) WHO research
on solid waste pollution. National Analysts (1973) studied
the level of knowledge of solid waste practices in
respondents' communities. This study found little awareness
of disposal practices among their housewife respondents,
who did not know the cost of disposal. When they had a
little knowledge of local recycling activities, they were
highly aware of solid waste as a problem. Sigler studied
the awareness of solid waste as a problem; attitudes toward
solutions to solid waste and other environmental problems,
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and the consequence of social variables in explaining the
differences in attitudes. He found a contrary relationship
between age and perceived seriousness of the attitudes
toward pollution, for example, younger people felt the
problems were more serious than did older persons. He found
a positive relationship between educational level and
perceived seriousness, for instance, more highly educated
people rated pollution as more serious and there was the
same positive relation for income but there was no
relationship between sex and perceived seriousness.
Stern et al. (1989) studied potential exposure levels
and health effects of neighbourhood exposure to a municipal
incinerator bottom ash landfill. This research was
conducted to examine the potential for adverse health
effects resulting from neighbourhood exposure to dust and
soil from a municipal incinerator bottom ash landfill site,
which received ash from a single nearby incinerator from
1954-1973. The incinerator providing the ash operated
during this entire period without pollution control
devices, and thus supplied only bottom ash to the landfill.
The soil was analyzed f or ten heavy metals, polychlorinated
dibenzodioxins, polychiorinated dibenzofurans, 2,3,7,8-
tetrachiorodioxin and furan congeners, polycyclic aromatic
hydrocarbons, and polychiorinated biphenyls. Soil
concentration for these materials were converted to
estimates of exposure, health effects and or cancer risk
by the application of a general exposure model (and
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exposure or effect and exposure or risk models for special
materials). The outcomes of modelling and soil analysis
show that the level of lead discovered on the site was
considerably above the recommended levels of the Centresfor
C.,ILIVSI
Disease (in USA) and may lead to an increased blood lead
level in exposed children. The materials measured in the
soil on this site were considered to he small, and to have
no significantly elevated cancer risk. Comparison of levels
of different materials obtained at this site with levels
obtained in fresh bottom ash in other studies suggest that
these outcomes may be applicable to exposures from other
municipal incinerator bottom ash landfills.
Howe et al, (1988) reported on a comparison of actual
and perceived residential proximity to toxic waste sites.
This research compares perceived residential distance and
actual distance to toxic waste sites. The data was
abstracted from a survey of 7,533 male and female residents
of New York State, including New York, and aged 25-74, and
who had a driver's license. The survey used respondents (N
= 317) from one county known to have a large number of
toxic waste sites. Using linear regression, the variance
explained in concern scores was 22 times higher with
perceived distance than for actual distance. Perceived
residential distance was a significant predictor of concern
scores, while actual distance was not. Perceived distance
explained less than 5% of the variance in concern scores."
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Baker et al. (1988) reported one of the largest
community-based health studies concerning health effects
associated with living near a toxic waste disposal site.
It&zs a health study of 2,039 persons in 606 households,
in two communities near the String-Fellow hazardous waste
disposal site, Riverside County, California. A community
near the site and one further away were studied to examine
whether rates of adverse health results were increased
among persons living near the site. The 125 page
interviewer-administered household questionnaire, medical
records of cancer cases and pregnancies, birth and death
certificates produced an extensive health record for each
subject. The study areas appeared similar with respect to
cancer incidence, mortality and pregnancy outcomes. In
contrast, rate ratios were larger than 1.5 for 5 of 19
reported diseases, for example, asthma, bronchitis, angina
pectoris, skin rash, and ear infection. Prevalence of odds
ratios for 23 symptoms were uniformly larger than 1.0 and
8 symptoms had odds ratios larger than 1.5. These were pain
in ears, blurred vision, frequent urination, frequent
diarrhoea, unsteadiness when walking, daily coughing for
more than a month, and nausea. Baker et al.,
believed"These results indicate that future community-based
health studies should include medical and psychosocial
assessment instruments sufficient to distinguish between
changes in health status and effects of resident reporting
tendency".
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The management of infectious waste from hospitals was
also reported :- Iglar, 1973; Rutala et al., 1983;
Brenniman et a],, 1984; Cross & Noble, 1973; Marrack, 1988;
Hall, 1989; Hershkowitz, 1990; Cheremisinoff, 1989; Garvin,
1988; Cross et a],, 1990 ; EPA, 1988b; Airan et al, 1980.
Hospital waste disposal by incineration was reported
by:-
Brunner and Brown, 1988; Brunner ...et al1, 1984; Brunner,
1987. Air pollution emission from the incineration of
hospital waste:- Kelly 	 et al, 1983; Allen et aL, 1986;
Powell, 1987; Murnyak & Guzewich, 1982; Allen 	 et aL,
1989; Smith, 1987; Doyle et al,1985; Lauber, 1987.
In	 Canada, the management of hospital waste was
reported by Campbell	 1989; Canadian Standards
Association, 1988, Environment Ontario, 1986.
In Germany, disposal of pathological and infectious
wastes from hospitals was investigated by Reichelt, 1977;
Reise, 1990.
In	 1985 the World Health Organization, Regional
Office for Europe published: The Management of Waste from
Hospitals, Euro Reports and Studies No. 97. This waste
management paper concentrates mainly on waste categories
and their sources, occupational hazards and health risks,
the impact of health care waste on human health and the
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environment, waste handling, storage, transport, treatment
and disposal methods. The literature indicates that the
local inhabitants near incinerators may suffer health
problems (WHO, 1985c).
1.5 Methods
This thesis makes a study of two communities. A major
one, Kirkby, UK and the other a minor one, Ahwaz, Iran. The
minor case concerns only the results of a questionnaire.
The major study also includes information about health and
a critique of an EIA submitted by Environmental Technology
Consultants Ltd. (ETC).
In this thesis it was not possible to make a fair and
well balanced comparison of the two communities because
they were far apart in terms of :- culture, social
behaviour, economy, climate, political and geographical
characteristics and their reaction to the experience of
having a hospital waste incinerator proposed or installed
close to their neighbourhood. The study has, however, tried
to present the attitudes of these communities toward a
hospital incinerator and to use this information for the
assessment of the environmental impacts at Kirkby and to
establish a Leopold environmental impact matrix.
This thesis has therefore been prepared by the
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collection, review and analysis of information collected
by :-
1. A review of relevant literature.
2. Questionnaire :-
It was intended that the questionnaire would provide
information on the perception of populations of Kirkby and
Ahwaz of incinerators in general and particularly hospital
incinerators. It was hoped that their perceived needs
could be established, and the adequacy of existing
provisions to meet such needs, assessed. Information was
therefore collected in the following areas:-
a. Demographic characteristics, life-cycle stage, and
social environment,
b. Personality factors including perceptions,
motivations and attitudes,
c. Awareness of existing incinerators,
d. A comparison between risk perception from hospital
incinerators and risk perception of smoke, industrial
air pollution, traffic air pollution and crime (See
Chapter 7 and 8).
3.	 Personal observations were also made in the hospital
incinerators in the UK and Iran.
4.	 The critique review of the EIA report submitted by
ETC. for the proposed Kirkby incinerator.
CHAPTER TWO
WASTE
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2.1 Introduction
This chapter investigates waste management in general
and particularly medical waste from hospital and other
health care facilities. Over the last 20 years there has
been a large change in waste disposal. It would seem
reasonable for this study first to attempt to describe in
which way the quantities and composition of waste have
changed and to explain the previous and present position.
In this chapter, thereforefirst waste in general is
considered because the majority of hospital waste is of
domestic origin. Hospital wastes are divided into the
general categories of ordinary household waste, hazardous
waste, infectious waste, chemical waste and radioactive
waste. The classification and quantities of wastes are
discussed and finally waste legislation is described.
Hazardous and infectious waste is described in detail,
chemical and radioactive waste in brief but mining and
agricultural waste, as they are not relevant to the study,
are not described.
2.2 General discussion
Every year, thousands of tons of solid waste are
generated as the product of the ordinary manufacturing,
distribution, purchasing, use and disposal activities of
big cities. These wastes include paper, wood, rubber,
plastic, clothing, leather, metals and solutions
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(Halliwell, 1972; Skitt, 1972; Baum et al., 1973; Diatnant,
1974; Bridgwater and Lidgren, 1981; Harthill, 1984; William
and Robinson, 1986; Forester and skinner, 1987; British
Medical Association, 1991).
For the effective management, disposal and control of
waste it must be clearly defined, but legal definitions are
different from country to country even within the EEC.
Waste can, however, be defined as unwanted material arising
in the course of production and consumption. The UK
Government's Environmental Protection Act 1990 goes further
defining waste as follows:-
1. Any substance which constitutes a scrap material, an
effluent or unwanted surplus substance arising from the
application of any process.
2. Any substance or articles which demand to be disposed
of as being contaminated, broken, worn out or otherwise
spoiled. (Explosives are not included.)
The EEC defined waste as:
Any substance or object the holder disposes of or is
demanded to dispose of pursuant to the provisions of the
national law in force (Commission of the European
Communities, 1992). Everywhere in the world waste is often
discussed according to the following criteria:-
a - The source of the waste eg: domestic, commercial,
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industrial, agricultural and hospital.
b - The method of disposal eg: landfill, incineration,
tipping, composting, pulverisation.
c - The degree of risk for human health and environment eg:
toxic waste, infectious waste.
d - Economic, for example, in relation to the production
of a solid refuse-derived fuel (RDF.)
According to Hay (1984) •A waste is any substance for
which the owner or generator has no further use and which
he discards.' Waste may be solid, semi-solid, liquid,
gaseous and in each case may be toxic or non-toxic,
combustible or non-combustible. For the aims of management,
waste can be placed within two classifications: controlled
and uncontrolled as laid down by the Control of Pollution
Act 1974. In the UK from one day to the next regulation of
the disposal of controlled waste is the responsibility of
the local waste disposal authorities. With the exception
of domestic and commercial refuse, waste disposal is
usually carried out by private contractors. Most wastes are
controlled, but agricultural waste, quarry wastes and
wastes disposed of on the site where they have arisen and
colliery spoil, are uncontrolled.
2.2.1. What is solid waste?
Solid waste is generated daily by households,
hospitals,	 commercial	 establishments, 	 industries,
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governmental operations, and virtually every element of
society. Solid waste is generally taken to include all
non-gaseous, non-liquid waste generated from a large range
of community activities, ie., simply trash, rubbish or
garbage. A significant quantity of this solid waste is
hazardous. Municipal solid waste composition changes with
time and by region. For instance in 1939 it was mostly
garbage mixed with paper products, cans, dust, bottles, and
cinders. From about 1955, solid waste grew less dense as
less ash was produced. Since 1977, greater quantities of
paper, glass and plastics have been produced imparting a
higher calorific value to solid waste. In the USA. solid
waste includes:-
refuse, garbage, slurries and all materials that are
normally discarded after use and also by-products of
manufacturing or mining activities that are normally
discarded (Mion, 1979). In the UK solid waste includes:-
Municipal solid waste whose average composition is, metals
(mainly ferrous) 9%, glass 9%, paper 32%, plastics 8%,
vegetable 20%, dust and others 18%, textiles and others 4%
(Porteous, 1992).
2.3. Hazardous waste
Hazardous wastes are produced in many different ways
in nearly all countries. Generally they are chemical or
allied products. Industry accounts for 50% to 70% of all
hazardous waste produced. Current estimates for the United
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States of america indicate that some 60% of all hazardous
waste is produced by chemical and allied industries
(Maltezou et al., 1987). A number of countries have
defined thazardous waste in their respective national
regulations. The examination of a compilation of these
definitions indicates that no two are similar. However the
term uhazardous waste means a waste whichbecause of its
quantity, concentration or physical, chemical or infectious
characteristics, poses a substantial present or potential
hazard to human health or the environment or may cause or
significantly contribute to increases in either mortalities
or an increase in serious irreversible (or incapacitating
reversible) illnesses. They may contain or result in:-
a - Chemicals which are toxic.
b - Fire and explosion.
c - Oxygen insufficiency.
d - Ionizing radiation.
e - Biological hazards.
f - Physical safety hazards
g - Electrical hazards.
h - Noise pollution.
a - chemicals which are toxic
Most waste disposal sites involve a variety of
chemical materials which are toxic. These materials can
enter the exposed body by inhalation, ingestion or direct
skin contact. A contaminant can cause damage at the point
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of contact or can act systemically by providing a toxic
effect at other points in the body. Some chemicals may
cause apparent symptoms such as vomiting, coughing, -
tie
rashes or'watering. Other chemicals may cause health harm
without any such warning signs. Health effects such as
respiratory disease or cancer may not become apparent for
many years after exposure (see chapter 6).
b - Fire and explosion
Papers and lists have been published to show the
relative magnitudes of the four categories of damage
associated with fire, explosion, toxic release and nuclear
accident. These suggest that, in so far as fatalities are
concerned, fire is by far the most important (Withers,
1988). Fires and explosions may happen spontaneously or by
other means including mismanagement of the stored
materials. There are several potential causes of fires and
explosion at hazardous waste sites. For example, chemical
reactions that generate fire and explosion, the ignition
of flammable or explosive chemicals or the irritation of
shock or friction-sensitive compounds. At hazardous waste
disposal sites, fires and explosions not only pose the
obvious hazards of great heat, open flames, smoke
inhalation, flying objects, but may also cause the release
of toxic chemicals into the environment (Martin, et al,
1987).
c - Oxygen insufficiency
Oxygen insufficiency may result from its displacement
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by another gas, or the consumption of oxygen by a chemical
reaction. Oxygen insufficiency can cause vomiting, heart
and brain damage, unconsciousness and death.
d - Ionizing radiation
Ionizing radiation is produced by equipment such as
X-ray apparatus or spontaneously emitted by the radioactive
materials which are widely and increasingly used in
industry. Radioactive substances are used in the production
of electricity and in industry, medicine, research and
defence. Their use results in gaseous, liquid and solid
wastes which can be classified into three categories : high
level (or heat generating) waste such as vitrified
radioactive waste, first cycle reprocessing waste and
spent fuel; intermediate level waste such as ion exchange
substances, sludge from fuel storage ponds, concentrates
from liquid waste treatment, fuel cladding and plutonium
contaminated materials; and low level waste such as paper,
clothing, laboratory equipment and soils (National Society
for Clean Air and Environmental Protection, 1991). These
radioactive materials radiate one or more of three kinds
of harmful radiation: alpha, beta and gamma. Alpha
radiation poses little threat outside the body, but can be
hazardous if substances that radiate alpha radiation are
ingested or inhaled. Beta radiation can cause damaging
"Beta Burns" to skin and harm the subsurface blood system.
Gamma radiation can cause serious and permanent damage to
S
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the body (Martin et a]., 1987).
e - Biological hazards
Biological health hazards originate from living things
or are living things themselves which are capable of
harming, or causing harm in humans. They include animals,
insects, various kinds of micro-organisms such as bacteria,
viruses and fungi and poisonous plants. Hospital wastes and
research facilities may contain disease-causing bacteria
and viruses which could infect -waste disposal site
personnel. Similarly, chemical hazards and etiologic agents
may be dispersed in the environment via wind and water.
f - Physical safety hazards
The degree of the reaction of a waste disposal site
to any material depends upon the physical
conditions. Hazardous waste sites may contain many physical
hazards such as sharp objects like nails, metal shards and
broken glass; holes or ditches, slippery surfaces and steep
grades and uneven terrain. Some physical hazards are a
function of the work itself. Injuries and accidents at work
are more often associated with general manufacturing,
mining and building industries and less frequently with
hospital waste disposal employment.
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g - Electrical hazard
Electrical hazards may occur through bad design,
construction and installation, from incorrect operation and
misuse or inadequate standards of protection and
maintenance. Electric shock is caused by an electric
current flowing through the body, affecting the nervous
system and upsetting bodily organs and function. The heart
is specifically susceptible to a condition known as
ventricular fibrillation at currents of as little as 50
milliamps (0.05 Amp) flowing for a few seconds (Miosh,
1991).
h - Noise pollution
Noise is an important concern for advisers in safety
and hygiene. Living or working around large equipment often
results in excessive noise. Excessive exposure to noise
causes physiological effects including physical injury,
pain, temporary and sometimes permanent hearing loss and
reduced muscular control. It also interferes with
communication and increases potential hazards due to the
inability to warn of danger or to properly instruct in
safety precautions.
The Hai'dous Waste InspecLorate (HWI) esLimates that
there are 1682 sites licensed for disposal of hazardous
waste in England and Wales (HWI., 1985. There are two
principal ways in which hospital wastes present hazards;
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through toxicity and infectivity.
According to one study, hospitals produce 0.056 lb/bed
or 0.025 Kg/bed per day of hazardous waste. Which for a
200-bed hospital results in 152 Kg or 336 lb of hazardous
waste per month (Cross & Robinson, 1989). Cross and
Robinson (1989) listed the 45 chemicals or groups of
chemicals that were reported as possibly being generated
by hospitals. The source and types of hazardous waste that
may be generated in hospitals are illustrated in Figure
2.3.1.
Many Scientists called upon to assess the potential
environmental impact and/or health effects of a hospital
disposal site find that the substances which have been dis-
posed of at the site have not been adequately documented
as regards the identities of the specific chemicals, or
the sources, quantities, and dates of disposal. Thus, it
is necessaxy to determine the chemicals which are present
at the disposal site and to identity those chemicals which
are escaping from the site and their route of entry into
the environment.
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Figure 2.3.1 Examples of potential sources and types of
hazardous wastes/generated by hospitals.
Source of Hazardous Waste :
Anaesthesia
Blood bank
Central supply services
entistry/ora1 surgery
Dialysis
Emergency
Environmental sacs . /
Housekeeping/Laundry
Food service
Intensive care
Clinical laboratories
Materials management
Morgue
Nuclear Medicine
Nursing
Obstetric/gynaecology
Oncology/radiation
Oncology
Pathology/histology
Pharmacy
Engineering
Print shop
Radiology
Respiratory care
Security
Surgery
Examples of Potentially Hazardous Wastes:
Acids/Caustics
Adhesives
Alcohols
Ammonia
Anaesthetic gases
Antineoplastic drugs
Asbestos
Bromine
Carcinogens
Chlorine
Chromat es
Clinical test reagents
Cleaning products
Quaternary ammoniuiu compounds
Corrosives
Photographic chemicals
Solvents :	 , nonchiorinated
Solvents :organic, chlorinated
Ethylene oxide
Explosive gases and liquids
Flammable gases and liquids
Water- treatment chemicals
Fungicides
nJ
Source: Crossv Robinson, 1989.
Germicides
Heavy-metal solutions
Infectious waste
Inks/printing materials
Insecticides
Iodine
Mercury
Mutagen
Nitrous oxide
PCBs
Pesticides
Pharmaceutical agents
Phenols
Compressed gases
Radioisotopes
Rodenticide
Disinfectants
Dyes
Teratogens
Toluene
Formaldehyde/Formalin
Xylene
RCRA-listed wastes
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2.4. Infectious waste
The definition of infectious waste has been debated
for many years. The Centres for Disease Control (USA)
findings strongly influence how infectious waste is
defined, how it is managed in or out of hospitals and to
a certain extent, how it is disposed of. Dorland's
Illustrated Medical Dictionary (1974) defined infectious
as being "capable of producing infection; pertaining to
or characterized by the presence of pathogens (Dorland's,
1974). The terms clinical waste, infectious waste, medical
waste, and hospital waste are used interchangeably. In this
study the term "hospital waste refers to all kinds of
waste produced by all types of health care services.
Pathogenic micro-organisms include viruses, bacteria,
fungi, protozoa, viroids and rickettsiae. But not all
pathogens are micro-organisms. The pathogens of relevance
to this research are those whose presence in different
waste gives the waste a potential for causing disease.
Infectious waste can be divided into 13 categories which
are as follow :-
a. Pathological wastes
b. Isolation wastes
c. Cultures and stocks of etiologic agents
d. Blood and blood products
e. Other waste from autopsy and surgery
f. Discarded biologicals
g. Contaminated laboratory wastes
S
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h. Dialysis unit wastes
1. Contaminated equipment
]. Sharps
k. Contaminated food and other products
1. Animal carcas es and body parts
m. Animal bedding and other wastes from animal rooms.
2.5. Quantities of waste
According to the Office of Technology Assessment,
around 250 million metric tons of hazardous waste are
generated each year. From this quantity around twenty
percent (50 million metric tons) contain organic material
and can be incinerated. This incinerable quantity does not
include contaminated soils, nonmetallic sludges, and
certain aqueous waste, some of which contain organic
compounds and could be considered candidates for
incineration under special circumstances (Lewise, 1961;
Graydon 1979; American Society of Mechanical Engineers,
1988).
In the EEC, according to Dr Bennett, Directorate
General for Environment, Nuclear Safety and Civil
Protection, the member states of the European Community
together produce a total of approximately 2,000 million
tons including:-
- 400 million tons of waste from the extractive industries
and power stations,
- 230 million tons of sewage sludge,
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- 90 million tons of household waste,
- 2 million tons of waste oil,
- 180 million tons of construction and demolition debris,
In the majority of the member states, 60% of household
waste is dumped, 33% is incinerated and some industrial
waste is reused (Bennett, 1989).
By 1989 England and Wales produced approximately 2,505
million tons per annum of (liquid, solid) domestic, trade
and medical waste (Environmental Committee on Toxic S.Taste,
1989). The kind of waste produced is illustrated in Table
2.5.1.
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TABLE 2.5.1 Total waste in England and Wales.
'Iype	 Quantity
(million tons p.a.)
Liquid & industrial effluent 	 2000
Agricultural	 250
Mines & quarries	 130
Industrial	 50
Hazardous & Special 	 3.9
Special	 1.5
Domestic & Trade	 28
Sewage & Sludge	 24
Power Station ash 	 14
Blast Furnace Slag
	 6
Building	 3
Medical waste	 0.15
Total	 2505.15
Source: Environmental Committee on Toxic Waste, Second
Report 1989.
According to the same report, hazardous waste is disposed
of in several different ways as given in Table 2.5.2.
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TABLE 2.5.2
Disposal routes for hazardous waste
Method of disposal
	 Quantity (tons p.a.) Percent
Landfill	 3,273,000	 83
Land based incineration 	 62,400	 1.6
Chemical treatment	 308,100	 7.9
At Sea:
Dumping	 289,500	 7.4
Incineration	 3,754	 -
Source: Environmental Committee on Toxic Waste, Second
Report 1989
There is an indication that these quantities will con-
tinue to increase. In 1990 in the UK approximately 10% of
industrial waste was incinerated (NSCA, 1990). Ten percent
of trade, domestic and industrial waste was also
incinerated annually by the forty municipal waste
incinerators in the United Kingdom (Woodfield, 1987).
For a long time the disposal of the wastes produced
by Society has been a case of 'out of sight, out of mind'.
Gradually, this attitude has begun to change and it is
increasingly recognized that the goal of a cleaner Society
can only be achieved by diminution and control of all kinds
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of pollution and of all types of waste.
2.5.1 Quantities of hospital solid waste
Hospitals are invariably associated with the
generation of large quantities of infectious and organic
waste very rich in pathogens. The handling, transport and
disposal of such wastes is expensive and also has inherent
risks to hwnan health. Former West Germany and Switzerland
give good models for an improved system of hospital waste
disposal. These countries, along with Sweden, have
nationally consistent medical waste procedures and have
recorded little mismanagement of hospital waste in the past
ten years (Hershkowitz, 1990).
In the USA hazardous waste constituted about 7% of the
total or 260 million tons of waste produced per year. There
are over 750,000 generators of hazardous waste, 10,000
transporters and 30,000 treatment, storage and disposal
facilities (Hammer, 1980). The EPA estimated that in 1981,
about 4 billion tons of solid waste were produced in the
USA. This total includes both 'ordinary municipal solid
waste, (newspapers, product packages, food, cans and
bottles generated at the rate of 1.135 Kg per person per
day) and the waste generated by US industries. The EPA
estimated that 10 - 15 percent of the industrial waste is
hazardous.
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Hospitals produce solid waste in quantities out of
proportion to their size. According to Cross (1973) in the
USA, compared to an estimated national total of 3,650
million tons of solid waste produced annually by the whole
population, hospitals produce an estimated 55 million tons
of solid waste annually or 1.5 percent of the total. In
terms of infectious properties (The categories of which are
summarised in Table 2.5.3) medical waste has increased
greatly during the past three decades. Hershkowitz (1990)
believes that Nobody knows how much medical waste is
produced in the USA, but estimates that for the nation's
hospitals there were between 500,000 and 3 million tons a
year. Although the amount is minuscule compared with all
United States waste, in 1988 the equivalent of just two
bags of medical waste was enough to contaminated and close
several beaches in the Northeast and cause
approximately $1 billion to $1.5 billion in losses for
local businesses.
According to Tickell and Watson (1992) in Britain,
between 200,000 and 400,000 tonnes of hospital waste are
collected each year in the yellow plastic bags.
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TABLE 2.5.3
Generation rate of hospital waste
Generation rate
Waste	 Weight % based on 9 Kg!
bed/day
Pathological	 0.5	 0.045
Infectious	 10.0	 0.900
General/administrative	 50.0	 4.500
(non - infection)
Food	 30.0	 2.700
Cardboard	 9.5	 0.850
Total	 100.0	 9.000
Source: Cross, 1985
According to a survey on waste from hospitals and
other public health locations in the member states of the
European Community, for a current population of 258.8
million, the nine European countries have 2,644,100
hospital and other health service establishments. If we
assume an occupancy of approximately 80% as a European
hospitals average, 2,115,280 beds are occupied daily. If
the waste per occupied bed per day is put at an average o
1.5 Kg we get 1.16 million tonnes of waste per year in
hospitals of the member states. Hospitals in the UK in 1980
produced some 155,000 tons, of which approximately 33,000
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tons were clinical wastes. A comparable estimate is not
available for clinical waste arising from community health
services, but it could be as much as 15 percent of clinical
waste arising at hospitals (Commission of the European
Communities, 1982 and Department of the Environment, 1983).
A.n estimate of the quantity of hospital waste arising from
NHS hospitals in Mersyside UK gave a figure of more than
8,000 tons per annum (Environmental Technology Consultant
Limited, 1989).
2.6 Classification of wastes
There is a difficulty in defining waste as toxic or
hazardous because this terminology includes any substance
that could be harmful both to humans and to the
environment. In the UK there are no legal categories for
waste definition even though hazardous waste is legislated
for under an European Economic Community directive . The
EEC definitions which exist for the terms 'toxic' and
'hazardous'	 have a wider meaning in the UK and may
include difficult, special, clinical, toxic or controlled
waste which is shown in Figure 2.6.1.
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Figure 2.6.1 Categories of hazardous waste in current use
Controlled wastes: These are the wastes subject to the
Control of Pollution Act (COPA) 1974. Controlled wastes are
divided into three categories: household, commercial, and
industrial. These waste,do not include explosives, waste
from mines and quarries, or agricultural wastes.
Special waste:
This is a category of waste which 'is or may be so
dangerous or difficult to dispose of thstspecial provision
is required for its disposal'. These wastes are given very
specific definitions: either medicinal products available
only on prescription, or specified materials which are
dangerous to human health,or those substances with a flash
point of 21°C or less. The House of Commons Envirorunent
Committee have recommended that the definition of special
wastes be expanded to include clinical waste and also those
waste which may damage the environment.
Toxic waste:
This is a rather loose definition, which is often used to
refer to those wastes which have toxic properties but are
not exactly equivalent to special wastes.
Hazardous wastes:
These are wastes which fall under the UK Transfrontier
Shipment of Hazardous Waste Regulations 1988. As with toxic
wastes, this definition is somewhat hazy under UK law,
being analogous to special wastes. The new definition of
hazardous wastes under EC Directive COM(88) 399 is more
specific, including those wastes which are hazardous by
means of their physical or chemical characteristics, the
process by which they were produced, or their effect on
human health or the environment.
Difficult wastes:
These wastes as defined by the Department of Environment
(DoE) cover all special waste plus some other substances
such as ferrous metal scrap which are not special wastes.
However, this term is 'generally used to include wastes
which could in certain circumstances be harmful in either
the shortorlong term to the environment. It also includes
wastes whose physical properties present handling
problems'. (Department of the Environment, Waste Management
Paper No. 4, 1988, para 3.4 (b)
Clinical wastes:
Clinical wastet include human tissue, body fluids, or
excretions; drugs and medicinal products; swabs and
dressing; urine containers, incontinence pads and stoma
pads; syringes; and also needles, scalpel blades, and other
'sharps'. These have been defined by the Health and Safety
Commission and by the DOE Waste Management Paper 25.
Source: The British Medical Association 1991.
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In addition, following a meeting in January 1980 and
considerable debate, it was decided that on the basis of
several criteria waste should be included in the hazardous
category, as shown in Figure 2.6.2. According to Hay
(1984) hazardous wastes are defined as Umose wastes which,
due to their nature and quantity are potentially hazardous
to human health and the environment and which require
special disposal techniques to eliminate or reduce the
hazards•.
Figure 2.6.2 Toxicity Criteria
TOXICITY is the potential for a waste to cause damage to
the structure or disturb the function of an organism when
exposed to that waste. Descriptive properties of TOXICITY
include:
(A) LEThALITY - any waste which on exposure results
in the occurrence of death.
(B) CARCINOGENICITY - any waste which on exposure
results in a statpally significant increase in the
occurrence or extent of malignancy
(C) TERATOGENICITY - any waste which on exposure
results in a statistically significant increase in the
occurrence or extent of physical or functional defects in
the developing offspring.
(D) MtJTAGENICITY - any waste which on exposure results
in a statistically significant increase in the occurrence
or extent of permanent alteration in the gene structure.
CE) PATHOGENICITY - any waste which on exposure
results in a statistically significant increase in the
occurrence or extent of any disease.
(F) INFERTILITY - any waste which on exposure results
in a statistically significant increase in the occurrence
or extent of reproductive failure.
Source: Hay 1984.
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A report on waste establishments drawn up in 1968 by
the Incinerator Institute of america classified wastes to
be incinerated into seven categories (see Table 2.6.1).
As a guide, the components of waste most usually
encountered have been classified into various types along
with their Kilo—Joule (Ks) values and their moisture
content:
¶Eype 0- Trash
This type of waste includes 10% dampness, 5%
noncombustible solids and has a heating value of 9010 K.J.
per kilo when burnt. This waste comprises compounds of high
combustion value that burn easily. They include material
such as cardboard, paper, cartons, wood boxes and
combustible floor sweepings that are from trade and
industrial activities. These components contain up to 10%
(by weight) of laminated paper, coated paper, treated
corrugated cardboard, plastic bags, oily rubbish rags and
plastic or rubber scraps.
'Iype 1- Rubbish
This waste includes up to 25% dampness, 10%
incombustible solids and has a heating value of 6890 K.J.
per kilo as fired. This compound burns easily and consists
of waste such as cardboard cartons, paper, wood scrap,
foliage and refuse from industrial activities. The dampness
is up to 20% by weight from restaurant or cafeteria waste
but contains little or no treated, paper, plastic or rubber
wastes.
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ype 2-Refuse
This type of waste is typical residential refuse and
comprises up to 50% dampness, 7% noncombustible solids and
has a heating value of 4558 K.J. per kilo upon combustion.
This material has approximately equal amounts of garbage
and, rubbish.
¶[ype 3-Garbage
This contains up to 70% moisture, up to 5%
incombustible solids and has a heating value of 2650 K.J.
per kilo. Garbage consists of vegetable and animal wastes
from markets, cafeterias, hotels, restaurants, hospitals
and other such institutions.
'Iype 4- Human and animal remains
Animal and other organic waste consists of up 85%
dampness, 5% non-combustible solids with a heating value
of 1060 K.J. per kilo as fired. Human and animal waste
consists of organs, carcasses and solid organic wastes from
hospitals, laboratories, abattoirs, animal compounds and
similar sources.
¶Eype 5- Liquid by-product waste
This kind of waste is gaseous, liquid or semi-liquid,
e.g. tar or solvents, sludge, paints, fumes, etc. from
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industrial processes. K.J. values are very variable and
must be determined in relation to the nature of the
individual waste material.
'Iype 6- Solid by-product waste
This type of material is made up of items such as
plastic, rubber, and wood from industrial processes. K.J.
values must again be determined for individual compounds
(I.I.A. 1968)
2.7 Classification of hospital waste
Biomedical wastes are generated by hospitals, animal
research facilities and laboratories all of which can be
represented in hospitals. There are several criteria for
classification of hospital waste. For example:
2.7.1. Classification of hospital waste by US EPA
The United State EPA has recommended that the
following types of waste be considered infectious waste.
There are six categories that meet these criteria:
1- Isolation waste.
2- Cultures and stocks of infectious agents and associated
biologicals.
3- Human blood and blood products.
4- Pathological wastes.
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5- Contaminated sharps (hypodermic needles, etc.)
6- Contaminated animal carcasses,body parts, and bedding.
Additional materials that might be considered as
infectious include:
a- Dialysis-unit wastes.
b- Discarded biological material.
c- Contaminated food and other products.
d- Contaminated equipment.
e- Other wastes from surgery and autopsy.
f- Contaminated laboratory wastes (EPA, 1988b).
According to the Canadian Standards Association,
(1988) biomedical waste can be classified into seven
categories and seven sub-categories which are collected in
different coloured bags. Table 2.7.1 shows the types of
waste classified as being biomedical. The bag designations
red, green, dark green, orange, yellow, blue and black are
used in Canada. In the USA generally all of these wastes
are classified as red bags; in the UK yellow bags are
used.
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Table 2.7.1
Summary of colour- coding/labelling requirements
Waste category	 Waste sub-category	 Colour- cod-
_________________ _____________________ ing/labelling
Human/Animal*	 Human anatomical	 Red
anatomical waste
Infectious animal 	 Orange or Red
anatomical
Noninfectious animal	 Blue
anatomical
Infectious*
	 Yellow
nonanatornical
waste
Sharps and simi-	 uSharpsu or rec-
larwaste	 _____________________ ognized symbol
Chemical/	 Chemical waste
Pharmaceutical	 Pharmaceutical waste Black,
waste	 excluding cytotoxic Dark green,
Pharmaceutical waste or recognized
coding
Cytotoxic pharina-
ceutical waste	 Cytotoxic hazard
__________________ ______________________ 
symbol
Radioactive	 Radiation hazard
waste ______________________ symbol
Pressurized con-
	
Black or Dark
tamer waste
	 Green
Office waste	 Black or Dark
Green
Kitchen waste	 Black or Dark
Generalwaste	 ______________________ Green
Noncliniç. glass	 Black or Dark
waste	 a	 Green
Noninfectious nonan- Black or Dark
atomical waste	 Green
* Chemical or radioactive solutions containing human/animal
and infectious nonanatomical wastes should be considered
as chemical or radioactive wastes respectively.
Source: Canadian Standards Association, 1988.
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2.7.2. Classification of hospital waste by WHO
The W.H.O. classified health care and hospital waste
into eight principal categories:
a. General waste
Contains domestic-type waste, packing materials,
non-infectious animal bedding, waste water from laundries
and other materials that do not pose a particular handling
problem or hazard to the environment or to human health.
b. Pathological waste
This type of waste includes tissues, body parts, organs,
animal carcasses and human foetuses, body fluids and blood.
c. Infectious and Potentially Infectious waste
This group consists of cultures and stocks of infectious
agents from laboratory work, waste from infected patients
in isolation wards, waste that has been in contact with
infected patients undergoing haemodialysis, waste which has
been in contact with animals inoculated and suffering from
an infectious disease and waste from surgery and autopsies
on patients with infectious diseases. Infectious waste
includes sufficient concentration or qiantities that
exposure to it could cause in disease.
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d. Chemical waste
This type of waste includes discarded chemicals in
solid, liquid and gaseous, forms, for instance from
diagnostic and experimental work, housekeeping,
disinfecting procedures and cleaning. Chemical waste may
be hazardous or nonhazardous. Norihazardous chemical waste
includes chemicals other than those defined as hazardous
chemicals such as amino acids, sugar, organic and inorganic
salts. Hazardous Chemical waste is considered to be
material that is:
i - Toxic,
ii - Corrosive (acid of PHc2.O and bases of PH'l2.0),
iii - Reactive (explosive, shock sensitive, water
reactive),
iv - Flammable,
v - Genotoxic (teratogenic,carcinogenic, mutagenic or
otherwise capable of modifying genetic material for
example, cytotoxic drugs).
e. Radioactive waste
Radioactive waste comprises solid, liquid and gaseous
material contaminated with radionucleotides generated from
in vitro analysis of body tissues and fluid, in vivo body
organ imaging, tumour localisation and therapeutic process.
All radioactive waste can be considered to be hazardous.
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f. Pharmaceutical waste
This kind of waste contains pharmaceutical products,
chemicals, drugs that have been returned from wards, have
been spilled, are contaminated or out dated, and many item1s
which are to be discarded because they are no longer
required.
g. Sharps
Sharps include syringes, needles, saws, scalpels,
blades, broken glass, nails and other items that could
cause a cut or puncture to human skin.
h. Pressurised containers
Pressurised containers consist of those used for
demonstration or instructional purposes, including inert
gas or innocuous and aerosol cans that probably explode
if incinerated or accidentally punctured (WHO, 1985 a).
2.7.3. Classification of hospital waste by the United
Kincdom
In the United Kingdom the Health and Safety Commission
categorises clinical waste as follows:-
Group A
(a) Soiled surgical dressings, swabs and all other
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contaminated waste from treatment areas;
(b) Material other than linen from cases of infectious dis-
ease;
Cc) All human tissues (whether infected or not), animal
carcases and tissues from laboratories, and all related
swabs and dressings.
Group B
Discarded syringes, needles, cartridges, broken glass and
any other sharp instruments.
Group C
Laboratory and post-mortem room waste other than waste
included in Group A.
Group D
Certain pharmaceutical and chemical waste.
Group E
Used disposal bed-pan liners, urine containers,
incontinence pads and stoma bags.
Figure 2.7.1 illustrates a classification of hospital waste
by method of disposal in the United Kingdom.
2.7.4. Classification of hospital waste by the former West
German Government
West Germany's National Health Department has
established four categories of hospital waste: general
(including office and cafeteria refuse), • awkward and ugly'
(blood spattered items that are not infectious), infectious
and pathological (body parts).
2Lubricants
and fats.
Pig
carcasses.
Waste with
low
radioactive
content.
Medicaments
which
have lost
their
efficacy.
3
Blood
Urine
Pus
Mucus, feces
Foetuses
uma.n tissue
and
limbs
4
Di-iso pro1
Fluorophosphonate
Diethylbarbiturates
Cyanogen bromide
Thiophosgene
Di-cyclo hexyl
di-amide
Fluids from the Tetrandrofuran
brain and	 Acids
spinal cord	 Picric acid
Vomit	 Diamino benzidine
Swabs, dressings
and infected
	
NN-dimethyl-p-
waste	 phenylene diamine
Syringes, sharp - naphthyls
articles,
catheters
Waste infected
with hepatitis
Bacterial cultures
(research
laboratory)
Air filters for
bacteria and
viruses
Animal carcasses,
animal feces
Quarantine waste
Plaster of paris
dressings
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Figure: 2.7.1 Classification of hospital waste in the UK
Non-infectious waste	 Infectious waste	 Special disposal
Refuse tip	 Incineration Incineration (after
plant	 pre-treatment in
autoclaves in some
cases)
1
Glass
Paper
Food
Boxes
Metal goods
(except
beryllium).
Textiles
Plastics
Flowers
Alginate gel
Dental
impression
material
Dental
appliances
Photographic
film
Paraff in wax
Acrylic dust
Methyl
methacrylate
Aerosol cans
Building and
construct ion
wastes
(special
precaut ion
required for
asbestos
construction)
Plaster models
of the head
(except X-ray
material).
Source: Lund, M.A., Harwell Laboratory, 1977.
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2.8 Characteristics of waste
The characteristics of the waste, as determined by analysis,
is the basis of consideration to be given to any process for its
disposal. Because the composition of waste influences the method
of collection, the design of a waste disposal plant is controlled
by the composition of the waste. An estimate can be made of
biologically active or other hazardous material that may effect
the environment by waste disposal and an assessment can be made
of substances available for re-use or recycling.
The most significant features of solid waste are density,
combustion, moisture, combustible content and thermal values.
Table 2.8.1 shows the percentage composition of mixed solid waste
in the USA and Western Europe (Gilbertson, 1969; Barton, 1986).
Table 2.8.1 Composition of waste in the USA and Western-Europe
Combined	 USA	 Western Europe
solid waste
content	 Range % Average % Range %	 Average
Ash and
furnace	 3 -20	 10	 12 - 47	 30
residue
Free moisture 	 12 -30	 20	 15 - 35	 28
Combustibles	 50 -75	 65	 23 - 37	 32
Non-
combustibles	 10 -45	 23	 12 - 18	 14
source: Gilbertson, 1969.
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The composition and weight of solid waste change quite
markedly depending on the locality of collection and the time of
year but Tables 2.8.1 and 2.8.2 can be considered to be typical.
The United Kingdom produces 18-20 million tons per year of
domestic waste whose average composition is shown in Table 2.8.4
Table 2.8.2 Typical UK waste household.
Waste household contain 	 Percentage
Metals (mainly ferrous)
	
9 %
Glass	 9 %
Paper	 32 %
Plastics	 8 %
Vegetable	 20 %
Dust and other	 18 %
Textiles, other	 4 %
Total	 100 %
Source : Porteous, 1992.
It should be noted that these values can change by ± 15 %
(Porteous, 1992).
During the past four decades the generation, distribution,
and use of potentially hazardous materials has increased
dramatically. Rising populations have needed more products and
services which have resulted in the increased manufacture of
synthetic substances. For example, the percentage of plastics has
grown significantly in the Municipal Solid Waste (MSW) stream
over the past three decades increasing from zero to about 9% of
the MSW stream. The use of plastic clearly reflects changing
consumer habits and life styles (Franklin Associates, 1986;
Burlace	 ,1983).
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2.9. Hospital waste handling, storage and transport
2.9.1 Introduction
Hospitals are the largest producers of clinical waste and
therefore require a waste management system which controls
handling, storage and transport. This usually begins in clinical
departments and wards.
The aim must be the disposal and removal of the waste as
hygienically and economically as possible and by methods such
that the risk to health and environment iS minimal. Packaging,
storage, transport and ultimately disposal must all be linked.
The most effective way of handling hospital waste should be
incorporated into the initial plans for the institution and then
be considered at all later stages of development. Factors to be
considered include:
1- Estimates of the total expected solid waste generation.
2- The selection of methods and sizing of equipment for the
final disposal of waste.
3- The assigxunent of sufficient space and planning of all
physical features needed for the proposed waste-handling
activities.
4- The determination of type, size and locations of original
waste containers, transfer receptacles if needed, and
transportation equipment (American Public Health Association,
1956)
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2.9.2 Handling
WHO defined waste handling as the link between packaging,
storage and transport. Various methods are available for ensuring
effective handling and disinfection of infectious waste. Table
2.9.1 outlines many types of such methods including those for
treatment, transport, and disposal (Cross and Robinson 1989).
A system for the collection of infectious waste must be
devised which separates the harmful from the innocuous material
and which further subdivides the harmful waste into categories
for later treatment. Of major importance is the separation of
infectious and pathogenic waste from the rest. When the amount
and the composition of waste is known for a specific
installation, it is necessary during handling to segregate it
into various categories.
2.9.3 Segregation
Pathological and infectious waste must be segregated as
high-risk infectious waste may initially have to be autoclaved,
preferably at source, to reduce the risk to staff and patients.
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2.9.4 Packaging the material
After categorising the waste, hospitals must package it
safely before sending it to incinerators, or other facilities.
For instance, sharps should be packed in puncture-proof
containers for disposal. In Switzerland, for example, all
instruments such as scalpels and needles must go into labelled
containers. For extra protection, it is stipulated in Germany
that only licensed hauliers operating marked, specially
designated vehicles can collect hospital waste.
2.9.5 Storage
If hazardous material is to be stored it must be secure so
as to avoid risk of contamination. General clinical waste
requires no particular measures for storage and can safely be
dealt with in the same way as general municipal waste. Recycling
of non hazardous waste should be practised where feasible. The
best method for storage and also for collection and
transportation of clinical waste is the use of coloured plastic
bags. The hospital central storage area for hazardous waste
should be separated and located far from the nonhazardous areas
and should be a covered and in a lockable enclosure.
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2.9.6 Transport
Internally, waste is usually transported from its initial
storage point to an assembly area or on-site incinerator by means
of handcarts or trolleys. The ash then has to be transported for
disposal to an incinerator landfill site or other disposal
location. In some modern hospitals, pneumatic pipelines are used
for internal waste transport. Waste being transported externally
should be in covered lockable vehicles which should be cleaned
and disinfected regularly and particularly before being used for
transporting materials other than wastes. When pathological and
infectious or other hazardous wastes are transported, the
contents of all containers and their potential hazard should be
identified in documents carried in the vehicle. For example in
Germany, truckers must alert incinerators that shipments are on
their way. Trucks then drive down a special entrance lane at the
incinerator and dump their loads onto a conveyor belt used only
for the hospital waste furnace (WHO, 1985c; Hershkowitz,1990).
2.10 Leaislation
In the UK as in several other countries, the legislative
requirements on local authorities with regard to waste management
are undergoing continuous change. The existing situation is
controlled by the Public Health Act of 1936. The Control of
Pollution Act (1979) obliges Waste Disposal Authorities to
licence publicly and privately operated waste disposal plants.
Many Acts between these two laws also affect waste management.
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Under the Refuse Disposal (Amenity) Act 1978, the local authority
has a duty to provide facilities to enable the public to dispose
of waste. Hazardous waste is fundamentally a 'special waste' as
defined in the Special Waste Regulations 1980 with 3 exceptions.
These exceptions contain certain acids/alkalis, medical waste and
many solvents.
In 1982, the Control of Pollution (Special Waste) Regulation
1980, was legislated under section 17 of the Control of Pollution
Act. At the time the association of County Councils called the
new system: uUnworkable, inadequate and virtually unenforceable
and described it as a 'Cowboys Charter'. The former legislation
(Deposit of Poisonous Waste Act, 1972) had made it illegal to
dump wastes in general but made no provision for hazardous waste
(Anon, 1981). This legislation may be strengthened in the future
to include all special waste (Turvey, 1990). The Environmental
Protection Act 1990 received Royal assent on 1st December 1990
and comprises nine parts and 164 sections.
Part 1 : Integrated Pollution Control and Air Pollution
Control by Local Authorities.
Part 2 : Waste on land.
Part 3 : Statutory Nuisances and Clean air.
Part 4 : Litter.
Part 5 : Amendments of the Radioactive Substance Act 1960.
Part 6 : Genetically modified organisms.
part 7 : Nature conservation Great Britain and conservation
matters Wales.
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Part 8 : Miscellaneous.
Part 9 : General. (Anon, 1991).
In the course of a survey (Commission of the European
Communities, 1982) it was found that governments of almost all
Member States of the EEC were working on the problems of hospital
waste disposal. In the countries of the EEC there is no
specialized legislation relating to hospital waste, also there
is no trend to specialize the waste disposal laws, except in the
UK. In Great Britain under section 30 of the Control of Pollution
Act 1974 'controlled wastes' are sul- divided into:
a. Household wastes,
b. Waste from industries and
c. Commercial sources.
Of importance is, subsection 3a of section 30 which defines
the term domestic waste: • It comes from dwellings, parts of
universities, schools and other educational establishments and
from parts of hospitals and nursing homes.' The term 'part of a
hospital' is not defined. The Control of Pollution Act 1974 does
not give a comprehensive listing of all waste types.
Unfortunately it was not until 1988 that regulations were
released giving a more detailed picture of pollution control. So
until then and to a certain extent, since, the law has been open
to interpretation and abuse for example: 'Almost all the hospital
incinerators in the UK are operating illegally (Tickell &
Watson, 1992). Also only those disposing of waste produced on the
premises and able to incinerate no more than 200 kilograms per
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hour do not need to be licensed. However, the majority of
hospital incinerators incinerate between 200 and 500 kilograms
per hour and dispose of waste from nearby hospitals.
The first legal definition of clinical waste in UK was given
in the Collection and Disposal of Waste Regulations (1988), as
follows:
Any waste which consists wholly or partly of human or animal
tissue, blood or other body fluids, excretions, drugs or other
pharmaceutical products, swabs or dressings, or syringes, needles
or other sharp instruments, being waste which unless rendered
safe may prove hazardous to any person coming into contact with
it; and any other waste arising from medical, nursing, dental,
veterinary, pharmaceutical or similar practice, investigation,
treatment, care, teaching or research, or the collection of blood
for transfusion, being waste which may cause infection to any
person coming into contact with it (HNSO, 1988).
Until 1991, hospitals could not be prosecuted for any
contravention of environment law. As government property, they
came under the Protection of the Sovereign, enjoying what is
known as "Crown Immunity". The National Health Service and
Community Care Act of 1990 deleted this immunity, and since April
1991 the whole of the National Health Service, hospitals
included, has been subject to the full force of environmental
law. From 1st April 1992, the executives of health authorities
and hospital managers have become personally responsible for
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violations of the law. The next step in a four year programme of
phased improvements introduces lenient temporary standards, and
requires environmental health officers and health authorities to
allow a strategy for meeting the final deadline in 1995.
Hospitals from 1st October 1992 will be encouraged not to run
incinerators that do not meet fully the standards laid down in
the 1990 Act. It should be possible to improve standards at a
reasonable cost (Tickell & Watson, 1992).
CHAPTER THREE
WASTE MANAGENT (TREATMENT AND DISPOSAL OF WASTE)
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3.1 Introduction
Waste disposal plays an increasingly important role
in the overall protection of our environment. The efficient
disposal of hospital wastes since many of these wastes are
contaminated and potential pollutants of air, water and
soil, is an important factor in Man's environmental well-
being.
The previous chapter discussed waste, hospital waste
and other kinds of waste. In this chapter the study
investigates coxrunon waste disposal methods and their
advantages and disadvantages in the context of hospital
waste. Finally it will discuss incinerators with particular
reference to hospital incinerators.
3.2 Methods of disposal
The system of disposal depends to some extent upon the
type of waste involved. A huge range of technologies are
either ready or potentially ready for the management of
municipal waste. These technologies can be classified under
a number of headings:
a. Processes for final disposal, either of all the waste
or of any residue remaining after earlier treatment.
b. Treatment to achieve volume reduction prior to final
disposal.
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c. Separation of the organic from the inorganic fraction
of the waste.
d. Recovery of materials from the organic fraction or the
inorganic fraction.
e. Reclamation of the organic fraction to generate either
a fuel or a chemical product.
Table 3.2.1 illustrates the common processes (Wilson,
1981).
Table 3.2.1
	 A classification of Waste Management
Technologies
General aim of
process	 Process	 Comment
Final disposal	 Landfill	 A transfer station may be
used with distant landfill
Sea disposal No longer used for
municipal wastes
Treatment	 Pulverization Wet or dry process
Volume reduction High-density
-prior to	 -baling
landfill	 Incineration
Energy recovery Incineration
from unprocessed
waste Pyrolysis and
other process
landfill
Bales may be self-
sustaining
or require wiring
Many alternative furnaces
available
With heat recovery as
steam or electricity
Some variants accept
unprocessed refuse (see
below) With collection of
gas from anaerobic
decomposition of the waste
Separation of
organic and
inorganic
fractions
Dry	 Uses some combination of
separation	 shredding. air
classification, magnetic
separation and screening.
Many proprietary
variations
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Table 3.2.1 continued
Wet
pulverization
Wet
pulping
Materials	 Magnetic
recovery from	 separation
inorganic
fraction (or	 Non- ferrous
from incinerator metal
residue)	 separation
Glass
separation
Materials	 Paper and
recovery from plastics
organic	 recovery
fraction	 Paper fibre
recovery
Composting
Wallboard
production
Annelidic
recycling
Energy	 RDF as
(or chemical) supplementary
recovery	 boiler
from organic
fraction
Uses a rotary drum
pulverizer with one or
more screens for the
output
Waste converted to a water
slurry. organic pulped and
inorganic separated by
centrifugal action
Ferrous metals. May be
applied to pulverized or
unprocessed waste
Uses eddy current,
electrostatic, or heavy
media separators
Uses some combination of
screens, jigs, hydraulic
classifiers, roll crusher,
froth flotation and
optical (colour) sorting
From dry separation, by
hand picking or air
classification
Wet pulping was originally
aimed primarily at paper
recovery. Several other
approaches are now being
developed
Produces humus for use as
soil supplement. Many
variations using both
mechanical high- rate
and traditional windowing
methods
Using a dried organic
fraction or compost Uses
earthworms to convert
organic wastes into a
fertilizer (worm casting)
and protein
(dried earthworms)
Wide variation output from
of solid refuse-derived
fuel (RDF) depending on
particle size. moisture
content, freedom from
inorganic contaminants
and separation of
paper/plastics from
putrescible organic
(a)	 RDF as	 Ash incorporated in cement
Combustion	 supplementary	 product
fuel in cement
kiln
(b)
Pyrolysis
and other
thermal
processes
Pyrolysis
Gasification
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Table 3.2.1 Continued
Incineration
of RDF
Steam reforming
With heat recovery as steam
or electricity. RDF may be
find in suspension or in
a fluidized bed
Thermal decomposition in
the absence of oxygen.
Products are solid, liquid
and gaseous fuels, the
relative yields depending
on process conditions
Partial oxidation, the
heat of reaction being
provided by combustion of
some of the waste in air
or oxygen. Product is a
low to medium heating
value gas
Reaction with steam, to
produce gas rich in carbon
monoxide and hydrogen
Hydrogasification Pyrolysis in a hydrogen-
rich atmosphere to produce
a medium heating value gas
Hydrogenation
Wet oxidation
(C)	 Hydrolysis
Bioconvers ion
Anaerobic
digestion
Biophotolys is
Pyrolysis in a hydrogen-
rich atmosphere under
pressure to produce a
liquid fuel
Oxidation of a wet slurry
of organic wastes with
oxygen at high temperature
and pressure. Main product
is a solution of low
molecular weight acids
Acid or enzyme chattelized
hydrolysis of cellulose
to produce sugars,which
can be fermented to yield
e.g.ethanol or single cell
protein (yeast). Alkaline
hydrolysis could yield
organic acids for recovery
to produce methane
Sunlight induced intra-
cellular enzymatic
reduction of water to
produce hydrogen gas
Source: Wilson, 1981.
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In general there are two basic methods for the disposal of
solid waste namely landfill or incineration followed by
landf ill. A difference of subsidiary processes, such as
composting or pulverizing, may also be practised. Three
general types of treatment are appropriate for treating
hospital waste:
a. Heat treatment, for example: incineration, dry heat,
steam heat.
b. Chemical treatment.
c. Irradiation.
In my opinion each of these techniques has its advantages,
disadvantages and is suitable for treating different types
of hospital waste. The art of waste management is to find
the best methods of controlling, recycling or disposal of
wastes cheaply and safely. Here I propose to discuss the
following methods of waste disposal: landfill, sea
disposal, composting, recycling and incineration.
3.3 Landfill (controlled tipinp)
In the United Kingdom, the term "controlled tipping"
is analogous to the U.S.A. use of sanitary landfill
(Warner et al., 1970). Controlled tipping is the term
employed for the disposal of waste (refuse and other waste)
on land, and is still by far the cheapest in many places.
This technique uses established and recognised means to
prevent the problems associated with uncontrolled dumping.
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Controlled tipping must be very carefully carried out
because it can create a considerable nuisance to human
beings, the environment and is even a danger to health.
3.3.1 Advantages and Dieadvantaes of landfill
(controlled tipinp)
The advantages of landfill (controlled tipping) are:
a. It is the cheapest method, but when all short-term and
long-term costs are considered, it may not the most
economic.
b. Simple operation is needed to run the site.
Although discipline and proper tipping procedure is
required the operation can be done simply and
effectively.
c. The third advantage of landfill activities is that if
properly planned, the biomethane generated can be
collected and piped. This gas (methane) can be used as
an energy resource.
The disadvantages of landfill (controlled tipping)
are:
a. Large amounts of land are demanded.
b. Winter operations can be very difficult.
c. Prevention of ground water pollution may be
costly.
d. Sites located outside of a city are often at
a great distance from the source of the waste.
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e. Other problems associated with controlled
tipping, are the presence of noxious insects,
mice, rats, and refuse which can be blown from
the tip surface (Baum Bernard, et al., 1973;
Til]inan et al., 1989).
Landfill is good for bulky innocuous waste such as
domestic waste. Contamination of this method of disposal
should be considered. Hence, landfill is not a suitable
method for hospital waste.
3.4 Sea disDosal
The sea's huge capacity to absorb waste is largely
used throughout developed countries, but if this unique
resource is to remain a healthy and effective method of
disposal it must be protected. Disposal of waste at sea
takes two forms:
i. Dumping of waste at sea, either pre treated or
not.
ii. Incineration at sea.
I will not discuss sea disposal widely but should
mention some points about this waste disposal method. In
sea disposal it must be ensured that:-
1. Material dumped as sea does not come back to land
and there is no public health risk.
ii. There is no impact on fishing.
A
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iii. There is no other serous environmental impact.
There is some opposition to this method. For example one
argument against it is based on the possibility of unburnt
toxic material from seaborne incinerations being absorbed
by microscopic organisms and entering the food chain
(Matthews, 1987). There are many factors that can influence
the impact of sea disposal. Chemical conditions, biological
productivity, water circulation and marine life are some
of them.
Sea disposal of US radioactive wastes from medical
research activities etc. was discontinued by the US
Government in 1967. In the UK, the main Acts concerning sea
water quality are the Dumping at Sea Act 1974; and the
Control of Pollution Act 1974 and the Food and Environment
Protection Act 1985. This legislation considers both the
dumping of wastes at sea and standards of marine
incineration. Also the UK is a signatory to the Oslo
Convention for the protection of the North Sea and North
East Atlantic.
3.5 Compostiu
Composting is the thermophilic decomposition of
organic solid wastes. It is a biological process where
fresh organic wastes are transformed by decomposition into
a stable humus-like substance. It can take place in two
ways, either aerobically or anaerobically according to the
77
biochemical nature of the bacteriological processes
involved. This method is more costly than the use of
landfill and it has certain disadvantages from the public
health point of view (Skitt, 1972). For example, the
material discharged from a composting plant normally
demands maturing on open land for a long time to allow
biological action to take place. Also it is difficult to
obtain satisfactory labour and adequate supervision of
plants and there is normally a detraction from the
amenities of an area because of the smell and blown paper
nuisance. Furthermore, rats, birds, larvae and fires can
also be a problem.
3.6 Recycling and Recovery
Recycling refers to the process of making a substance
which has become a waste available for further use. All
waste disposal methods have disposal as the primary aim and
the recovery of useful substances is of secondary
significance. There are five techniques for recovery and
use of waste as follows:-
- Materials recovery
- Chemical processes
- Compost processes
- Pyrolysis processes
- Energy recovery
The materials recovery and chemical processes are not
discussed in this study but composting was discussed in
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section 3.5 and pyrolysis processes are discussed in
section 3.9.1.
The calorific value of waste is now greater than in
the past, for example, the value of urban waste, has now
passed 9187 Kj/Kg (2200 Kcal/Kg). This waste thus has
almost the same calorific value as young brown coal which,
despite its low heat content, is used in some countries for
generating electricity (Holmes, 1981) NThe benefits of
high quality waste incineration particularly with heat
recovery are completely accepted and the many fine examples
of European waste incineration plants are testimony to high
standards of design and execution. (Holmes, 1981).
A related topic is energy reclamation, this means the
recovery of heat from incineration in a form for reuse. The
continued rise in the price of energy and the costs and
problems involved with the use of conventional disposal
methods for hospital waste are being increasingly called
into question. Energy reclamation offers many advantages
for instance:-
1- Reduced disposal cost
2- Energy saving
3- Reduction in environmental damage
4- Employment
Some waste substances from hospital activities may also be
suitable for conventional recycling if kept separate from
likely hazardous material.
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3.7 Incineration
The idea of burning waste is not new. The technology
has been used for a very long time. It is one of the oldest
forms of waste disposal. Its origin dates back to the time
when Man found that he could warm himself by burning the
things he had hitherto dumped on the ground near his cave.
Incinerators were probably developed at a time when
human beings first started to live in cities. In the USA
the first incinerator was built on Governor's Island, New
York Harbour, in 1885. The first municipal incinerator was
a 30 ton per day garbage crematory constructed in
Pennsylvania in 1885. According to Baum et al., (1973)
there were three organised methods of refuse incineration
in Europe, by about 1948:
a. Cell furnaces - the system of Heenan and Froude, used
in Worcester.
b. Rotary Kilns - the system of Volurid, used in Copenhagen.
c. Shaft furnaces - the system of Didier, used in Stettin.
In the United States, until the 1960s dumping and
incineration were the primary methods of waste disposal.
More recently the environmental awareness of the public and
the subsequent legislation and regulations governing waste
disposal have required the upgrading of existing waste
dumps to landfills and the protection of ground water from
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contamination (Oweis, 1990).
Incineration is a process of igniting and burning
solid, semisolid and gaseous combustible waste to produce
mainly carbon dioxide and water vapour. It is essentially
a process of heat induced oxidation using atmospheric
oxygen. The process not only reduces the volume of waste
but, both chemically and by the presence of heat,
sterilises harmful biological agents.
In addition, the heat generated by incineration often
breaks down toxic chemicals. Incineration is not a final
disposal method since it produces a solid residue or ash
which must be landfilled or otherwise disposed of safely.
According to the literature, incineration is a
comparatively safe and effective form of destroying
infectious waste and contaminated material. Public risk
perceptions may distort the reasonable management of risk;
as one study has noted, there is a danger of strong but
uninformed public pressure making technically appropriate
facilities unavailable.
The employment of marine incineration in Great Britain
is limited. In 1988, only 5,500 tonnes of waste were
incinerated at sea which represents only 1% of all
substances disposed of at sea (Department of Environment,
1989). The use of incineration at sea is being phased out
by the UK Government; a complete ban was in place in 1991.
8].
The incineration of solid waste has become popular in
many countries. Municipal Solid Waste (MSW) is generated
in Japan at the rate of 120,000 tons/day, with about 70%
burned and the rest subjected to landfill. The largest
incineration units have a capacity of 500 tons/day, while
the largest incineration plants may have six 400 tons/day
units (Jumpei Ando, 1989). In the UK the latest available
data (1986-1987) indicates that the majority (83%) of
hazardous waste is disposed of by landfill, 8% by marine
disposal, 7% by chemical or physical treatment, and only
2% by incineration (British Medical Association, 1991).
3.7.1 Combustion
Combustion normally uses fuel or waste and oxygen. The
oxygen normally comes from the air which contains, by
volume,, about 79% nitrogen and 21% oxygen. As a
simplification, the combustion process can be defined as:-
C (in the fuel/waste) + 02 (in the air) ----b Co2 + heat
H(in the fuel/waste)+ 02Cm the air) --- p Water vapour +
heat
A sufficient furnace temperature is fundamental to
efficient combustion. This temperature will depend on the
incinerator design and type of waste. The incineration of
waste takes place in three stages: i. evaporation of
moisture, ii. distillation, iii. combustion proper.
When good combustion occurs the three I Ts", temperature,
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turbulence and time are optimised in the combustion zone.
Sufficient oxygen is necessary to ensure that combustion
is complete. Failure to reach satisfactory standards for
any of the three • Ts can lead to problems.
a. Inefficient incineration will fail to destroy the
primary material and therefore bacteria, viruses, and other
infectious and contaminated material will remain.
b. The process may lead to the formation of new products
such as the products of incomplete combustion (PICs). Under
ideal combustion conditions, approximately zero volume of
incomplete combustion products will be generated through
the two mechanisms of oxidation and reduction. But the
process can produce by-products and these combine with
oxygen or hydroxide radicals to form compounds like
formaldehyde, alcohols, ketones and acids (Edwards, 1977).
High-temperature plants have very special
requirements; waste must be combusted for one minute in an
oxiziding atmosphere at a temperature of 1200 °C (2160 °F),
(to be discussed in more detail in incineration systems,
in Section 3.7.2). These conditions are especially
effective in the destruction of difficult materials, for
example polychlorinated biphenyls (PCBs).
For effective incineration the type of material must
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be considered; for instance:-
i. The physical form of the waste eg., whether it is
solid, liquid, or sludge.
ii. The total heat input including the thermal content of
the waste.
iii. The particular performance requirements, such as
whether 99.99% destruction for hazardous compounds
is required.
3.7.2 incineration systems
The typical route for solid waste through an
incineration process starts when a lorry arrives in the
reception area and is weighed before discharging to a
bunker. The second stage starts when waste is transferred
by crane from the bunker to the feed hopper of the furnace.
The waste is then allowed to flow into the incinerator
under its own weight. The furnace operates at a minimum
combustion temperature of 950°C. The primary chamber
operates at about 30% to 60% of the theoretical air
requirements. Thrbulence is a result, which prevents
transfer of ash and particulate matter into the downstream
chamber. A secondary combustion chamber follows the primary
chamber. The secondary chamber operates at approximately
1000-1220° C (1800_22000 f) with adequate oxygen to ensure
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complete oxidation of the organic gases and volatilised
compounds. The discharge gases from the primary furnace
will consist of unburnt hydrocarbons, carbon monoxide,
hydrogen, nitrogen, acid gases and water vapour. Finally
the remaining waste is conveyed to a burnout location
before the ash is discharged. Clinker or ash is collected
from the grates by a conveyor for transportation to
disposal site.	 -	 -
- -	
- Figure 3.7:. a
schematic of an actual system, which contains a feed
system, incinerator, heat recovery system, quench system,
emission control system and discharge stack. The combustion
gases must be cooled before discharge through the stack;
only six incinerators in the U.K. can do this (Parker and
Russell, 1986).
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Figure 3.7.1 Generalised waste incineration system
Source: Kiang, 1980.
3.8. Incinerators
An incinerator is a chamber for burning fuel or
organic waste. It is a simple device that subjects the
waste to a high temperature, in a turbulent environment for
the residence time needed to convert it into carbon dioxide
and water vapour (Co2 + H2o).
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As already stated in Chapter Two on the classification
of waste the variety of material available for incineration
is vast. The type of waste to some extent dictates the type
of furnace to be used for its disposal. This section,
therefore, reviews the types of incinerator and their
methods of operation. An incinerator that is used to treat
hospital waste may be situated on-site, at the place where
the hospital waste is generated, or at some off-site
location. Any incinerator may be used to treat hospital
waste if it appropriately coxnbusts the waste so killing the
pathogens and destroying any biologically active substance
that may exist.
Incinerators used for hospitals should contain two or
three combustion chambers. The first chamber is of the
controlled air type and the secondary chamber guarantees
complete destruction of pathogens. Solids are heated to
destruction in the first chamber. During normal operation
temperatures in this chamber should range from 730-1040° C.
In the secondary chamber there is a natural gas-fired after
burner, and the temperatures should range from 650 - 10 65°
C. Stack gas temperature should range between 200-260° C at
sampling ports located 2.0 m from the end of the stack
(Allen and et al., 1986). Figure 3.8.1 shows a typical
hospital incinerator system.
Furnaces which can be regarded as similar to hospital
incinerators are found in crematoria for the disposal of
87
human and animal bodies. There are 224 crexnatoria in Great
Britain. These normally operate at temperatures ranging
from 750-900° C (1350 - 1620° F).
3.8.1 Classification of Xncinerator Systems
Many incineration technologies have been developed to
burn waste. Details of the incinerators are available
elsewhere (Hitchcock, 1979 and Freeman, 1989). Only a brief
description is presented in this section. Also there are
several categories of incinerator. For example Diamant
(1974) classified incinerators according to size as well
as quantity of refuse: small, medium and large. These are
there basic types of incinerator:
a. Fixed grate system.
b. Moving grate system.
c. Grate-less system.
To some extent combustion temperatures differ
according to the nature of the feed used but normally
fluctuate between 800C° and 1000°C.
a. Fixed grate systems
These units are used mainly in hospitals, schools and
old peoples homes because they are only appropriate for
small refuse incinerators. According to Diarnant (1974),
where these are used for the combustion of industrial
wastes, it should be similar in content to municipal waste.
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r
Figure 3. 8 . 1	 Typic1 hospital incineror system.
Source: Cross, 1990
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b. Moving grate systems
These are better for the combustion of changeable
composition and changeable size classification refuse than
the fixed grate burners. Moving grate systems can be
subdivided into eight categories.
c. Grate-less systems
The simplest form of this type of incinerator is the
shaft oven in which waste is burned in a vertical chamber.
Different methods of agitating the refuse being used. The
second type of grate-less system is the horizontal drum
system. In this a rotating drum is employed with its axis
inclined at a few degrees to the horizontal. The third type
of grate-less system is the fluidized cyclone system in
which it is necessaxy to pre-treat the material first by
crushing or other methods of size reductions to ensure that
the material enters as a fluid.
3.8.2 Classification of incinerators b y EPA.
Incinerators can be classified according to the
capacity for incineration per hour and the type of waste.
Various types of incinerators are employed to handle liquid
waste as well as waste in other forms, for example sludges,
fumes, slurries and solids. The EPA (1988c) classified
incinerators of which the main types are follow:-
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a. Liquid or injection
This type incinerator is suitable for liquid or gas.
The waste must be pumpable and atomizable. The burner has
two components, an atomizing nozzle and a turbulent mixing
section wherein atomized waste is mixed with sufficient
primary air for complete combustion.
b. Gas or fume incinerator
This is very similar to liquid injection types, except
that the fluid is in the form of fumes instead of a liquid.
Engineers believe that this type of incinerator is simplest
to design and operate.
c. Rotary Runs
A rotary kiln is most effective for the destruction
of solid wastes or sludge. The kiln is often as much as ten
feet in diameter and more than forty feet long. The Kiln
is a refractory lined steel cylinder, lying horizontally
which rotates at very low speed and is mounted at a slight
incline. Rotation of the shell causes mixing of the waste
with the combustion air. It is usually large and flexible
in scope but expensive to operate and maintain. It was
first developed in the West German chemical industry in the
1960s by companies such as BASF and BAYER (Womann, 1971).
Solid &
Sludge
,,To Air Pollution
Control Device
Rotary
Kiln
pumpable
Waste
Pumpable
Waste
Ash to
______ LandfillDrums
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Combustion air is introduced at the burner end and
combustion gases are exhausted at the opposite end of the
kiln. A rotary kiln incinerator requires a secondary
chamber to enhance the oxidation of the organic matter.
Rotary kilns can destroy organic waste at temperatures over•
1200°C (2248°F) with greater than 99.99% efficiency.
Combustion temperatures vary according to the waste being
incLnerated, but normally range from 800°C to 1600°C (1500°F
to 3000° F) with a residence time of up to two seconds.
(Allen, 1989). Figure 3.8.2 shows a typical rotary kiln
incinerator with secondary coxnbustor.
Secondary
Combustion
Chamber
Figure 3.8.2 Rotary Kiln Incineration System
Source: Environmental Protection Agency, 1988a.
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Although Rotary Kiln incinerators are capable of
burning waste in practically any foi'm, most U.S. rotary
kiln incinerator manufacturers design their units on a non-
slagging basis. The intention is not to melt any of the
inorganic materials within the kiln. European kiln
operators are generally very careful about the types and
amounts of wastes that are fed into the incinerators.
Because of concern about the emissions of heavy metals,
rotary kiln incinerators typically operate at higher total
exhaust gas flow rates than other types of incinerators
operating on comparable waste materials.
d. Multiple chamber
Multiple chamber (hearth) incinerators have a
vertical, cylindrical, refractory lined furnace with a
moving shaft in the middle. The unit consists of two or
more chambers. The primary chamber is used to pyrolyse
solid waste and the secondary chamber is used to ensure
complete combustion.
¶[ypical substances burned in multiple-chamber
incinerators are plastic wastes, such as polyvinyl
chloride, epoxy, phenolic resins, acrylics and plant refuse
containing garbage, wood, paper and rubber (Ottinger et
al,1973). They are suitable for very high moisture content
solid materials, which must be dried before these burn
completely. They are primarily used for the disposal of
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wastes which are difficult to incinerate because of a high
water content and can burn waste with a heat release
potential of 26,500 KJ/kg of water and still maintain
internal furnace temperatures between 1200 and 1500°F(640
to 1500°C), (Hitchcock, 1979).
Multiple hearth incinerators ar? more labour intensive
than other incineration equipment because of the extreme
variation in the form of feed waste and the special
handling that this requires.
a. Fluidized bed
This type incinerator was developed from C.E.
Robinson's patent for an ore-roasting furnace, with a
bubbling-bed type fluidized bed. It has become the standard
process reactor for coal gasification, catalytic caching
of heavy oils, or roasting, calcining, cooling, drying,
sizing and combustion. (Robinson, 1983).
The Fluidized bed incinerator is appropriate for
hazardous and municipal waste. It is particularly suited
to sludges and some kinds of organic-inorganic mixtures,
since inorganic material will stay in the bed and can be
removed as ash.
The fluidized bed incinerator consists of a bed of
hot, inert aluminum or sand which is injected with air, see
94
Figure 3.8.3. In this type of incinerator operating
temperatures vary depending on the particular application.
For non hazardous-waste and sludges, the operating
temperatures of the bubbling-type fluidized bed ranges from
650 to 1200° C (1200 to 2192° F) (Liao, 1974).
Refinery wastes are combusted in fluidized beds that
operate between 700 to 815° C(1300 to 1500° F), Ruble,
1974. For chlorinated solvents, destruction efficiencies
greater than 99.99% are achievable in fluidized beds
operated at 775° C (1427° F), Rasmussen and McFee, 1983.
Figure 3.8.3 Fluidized bed system for combustion of
hazardous waste. Source: Rasmussen et al., 1989
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Air-emission controls for solid-waste incinerators are
similar to those for liquid ones, except that particulate
removal require more attention. The type of bed material
can be used to control stack halogen, sulphur and
phosphorus emissions.
The advantages of the fluid-bed design are lower
excess-air requirements, better mixing between air and fuel
and the ability to heat the fluidization air from the stack
gas. Disadvantages of the fluid-bed incinerators are
sensitivity to waste constituents and poor efficiency at
reduced loading rates (Brunner, 1987).
f. Other types of incinerator
The main other types of solid waste incinerator which
should be mentioned are, open burning, single-chamber and
controlled air.
- Open burning consists of placing waste materials on the
ground and burning them without the assistance of
specialised combustion equipment.
- Single chamber incinerators, usually, do not meet the air
pollution emission standards. This type incinerator may or
may not have a firing system to ignite the waste.
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- The controlled-air incinerator in general consists of a
primary chamber followed by a secondary combustion chamber.
Properly chosen incineration technologies can
effectively destroy hospital wastes. Also incinerators with
appropriate air emission control systems can be harmless
neighbours. In the UK the rotary kiln is the most generally
accepted system for the incineration of hospital waste.
3.8.3 Incinerator stack emission
The potential effects caused by increased emissions
of air pollutants from the growth in waste combustion is
a key environmental issue. Pollutants discovered in the
emissions can be evaluated with regard to three points:
1- Permanence in the environment.
2- Toxicity.
3- Potential threat to human health.
For example, 2,3,7,8 tetra chlorodibenzo-p-dioxin
(2,3,7,8 TCDD), has been discovered in Municipal Solid
Waste incinerators and in medical waste incinerator
emissions. It is generally present in small quantities, but
is so permanent and toxic that it is usually a primary
cause of concern (Washburn et al, 1989; Murnyak, 1982). A
sunnuary of the typical contents of air pollutants from U.K.
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Municipal Solid Waste in incinerators is as follows:-
Volume gases, CO2 , HC1, SO2 , Particles, Pb, Cd,
Tetrachlorodibenzo-p-dioxin (T4CDD), Terachlorodibenzofuran
(T4CDF), Octachlorodibenzo-p-dioxin (EPA, 1986).
In the past two decades, poor operating practices in
hospital incinerators have allowed extreme air emissions,
including odours, particulate fallout, acid gas emissions
and visible emissions. These emissions have been the
outcome of overcharging the unit, poor adjustment of air,
inadequate temperatures and poor design (Cross , Hesketh,
1990). For this reason, many developed countries have
already enacted regulations or have draft, legislation
relating to hospital incinerators.
It has been supposed that all the pollutant emissions
are aerosols and scatter as gases. This is true for HC1,
SO2 and some of the organic PlC's. Based on prevailing
conditions chlorine, which is chemically bound within the
hospital waste in the form of polyvinyl chloride (PVC) or
other compounds will combine to form hydrogen chloride
(HC1), providing there is hydrogen available. HC1 formation
is inhibited when excess air is added to the combustion
chambers C EPA, 1988b). Considering the high hydrogen
content of hospital waste owing to its high paper,
plastics, and moisture content, there is a ready supply of
hydrogen available for HC1 formation (EPA ,1988b).
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Other pollutants are generated in the incineration
process, including oxides of sulphur, oxides of nitrogen
and carbon based products of incomplete combustion such as
polychlorinated compounds and traces of dioxins. Emission
data is becoming available for an increasing number of
British incinerators and has been reported in:- Clayton and
Scott (1986a); Clayton Scott (1986b); Clayton Scott
a,atJ
(1986c); Scott	 et al. (1986).
Sulphur dioxide is released or generated during the
combustion process. The rate of sulphur dioxide emission
is, therefore, directly proportional to the sulphur content
of the hospital waste. The amount of SO 2 removal is
expected to be meagre due to the high hydrogen chloride
content of the flue gas. Because it is a stronger acid than
SO2 , the hydrogen chloride will react more quickly with
available alkaline compounds than °2 before they have a
chance to react with the SO2.
Nitrogen oxides are a mixture of NO and NO 2 . In
combustion systems, predominantly NO is produced because
of kinetic limitations in the oxidation of NO to NO2.
Although the detailed mechanism of thermal NOx formation
is not well understood, it is largely accepted that the
thermal fixation in the combustion zone is described by the
Zeldovich equations (EPA, 1988c).
Particulate matter is discharged as a result of
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incomplete combustion and by the entrainment of
noncombustibles in the stack emission. According to
Edwards (1977), there are three general sources of
particulate matter: -
a. Inorganic materials contained in the waste feed that are
carried into the flue gas from the combustion process.
b. Organometallic materials formed by the reactions of the
precursors in the waste feed,
c. Uncombusted fuel molecules.
Inorganic substances are not destroyed during combustion
and most of this material leaves the incinerator as ash.
Some of this ash becomes entrained in the stack gas as
particulate matter. The quantity of trace metals in the
flue gas is directly related to the amount of trace metals
contained in the incinerator waste. Some of the trace metal
sources in the waste feed contain surgical blades,
wrappers, foil, plastics and printing inks. Plastic objects
made of PVC contain cadmium heat stabilizing compounds, and
chromium, lead, and cadmium may also be found in inks and
paints (EPA, 1988c).
The identification of potentially hazardous chemicals
in stack emissions is very important in assessing the
potential public health risks posed by a hospital
incinerator. Pollutants discovered in the emissions can be
evaluated with respect to toxicity and volume of release
to determine their potential to threaten human health and
persistence of pollutants in the environment. Attention
100
must be taken in weighting these characteristics. For
example, 2,3,7,8 Tetrachloro-dibenzo-dioxin (2,3,7,8 TCDD)
which is one of the most toxic chemical substances
discovered in hospital incinerator emissions, ordinarily
exists in extremely small amounts, but is vexy toxic and
so environmentally persistent that it is often the main
problem for those who live near hospital incinerators.
There are many different theories concerning the formation
of dioxins and furans in incinerations. The best supported
theories are shown in Figure 3.8.4 (EPA, 1988b). There is
a growing consensus that the formation of dioxins and
furans in combustion furnaces requires excess air (EPA,
1988b).
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Figure 3.8.4 Hypothetical Mechanism of CCD/CDF formation
I (JI	 i (Ji	 ,Coribust Ion	 UnreactedZone	 CDD/CDFC1_'_'	 'C1
a. DIOXIN IN REFUSE
:::ir"°' 0.^cr:
	
H2
Chiorophenol	 Dioxin
b. FORMATION FROM RELATED CHLORINATED PRECURSORS
+ 1/2 02
C].	 Cl	 Cl
PcB
	
FLran
c. FORMATION FROM ORGPNICS ND CHLORINE DONOR
PVC	 +	 Chlorine Donor
Lignin	 NaC1, HC1, Cl2
d. SOLID PHASE FLY ASH REACTION
Prectrsor
CDD/CDF
CCD
+ CI Donor
Low
_____	 Fly
Temp	 AGh
Source: EPA, 1988c.
102
Table 3.8.1 contains a list of pollutants from the EPA
study. The compounds shown in this table are those for
which emissions data could be obtained for hospital
incinerators.
It is not only the presence of halogenated substances
in the hospital refuse which causes hazards but also those
substances which produce toxic air contaminants leading to
uncoxnbusted residues (Doyle et al,1985). Stack emissions
from municipal solid waste incinerators may also include
incomplete combustion residues of these potentially
hazardous compounds because destruction of organics by
incineration is never one hundred percent.
Hospital waste has a higher thermal value than
municipal solid waste as it contains more plastic
materials. Hospital waste usually has approximately 20
percent plastic, with levels as high as 30 percent being
reported (Murnyak, 1982). In comparison, municipal solid
waste usually has about 3-7 percent plastics (EPA, 1988b).
In addition organic compounds generated by the combustion
process are the products of incomplete combustion. These
chemicals can be the generators of toxic pollutant
emissions where high temperatures exist.
Municipal Solid Waste stack emissions may contain
toxic metals which existed in the incinerator feed. For
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example, metals like lead, mercuty and plastics (EPA,
1987). Many volatile metals, like mercury, tend to vaporise
during incineration, and may then be emitted as vapours
from the stack. Furthermore, unlike organics, metals cannot
be decomposed by incineration. Other metals contained can
include zinc, tin, silver and chromium which are
extensively used in metal surface coating, galvanising and
soldering (EPA, 1987).
Smith et al. report results from many studies showing
typical plastic fractions of approximately 10% by weight.
(Smith et al., 1975) Chloride emissions were estimated
during one study of the waste from the Walson Army
Community Hospital with about 30% plastics by weight
(Murnyak, 1982), but previous studies had estimated 11%
plastics by weight (Gordon et ál.,1979).
Another study of Army hospitals reported that an
average of approximately 19% by weight of Army hospital
wastes are plastics (Gordri et al.,1980). At the Walson Army
Community Hospital in the United States, chloride/chlorine
emission from hospital's medical waste combustion were
quantified in conjunction with a special emission stack
test. For five sample runs, chlorine (Cl 2 ) emissions
averaged 100.5 mg/th3 with a standard deviation of 72 mg/in3.
Chloride emissions reported as HC1, averaged 5.4 mg/in3 and
posed a potential health risk (Murnyak,1982).
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A 1980 test of a California pathological waste
incinerator with a combustion capacity of 1300 lb/hr of
hospital wastes, showed an average HC1 emission of 1120 ppm
for test runs (ECE Group LTD, 1984). In Germany other
earlier studies of HC1 acid gas emission from hospital
refuse incinerators indicated that they emitted chlorine
(C]. 2 ) waste gases that caused vegetation damage at two
nearby farms (Bohne,1970).
3.8.4 Incinerator stack emission bioloaical release to the
environment
Bacteria and other pathogens occur in hospital waste.
Hobbs and Roberts (1987) reported that food-borne pathogens
could be classified in three categories according to the
degree of hazard:-
1. Severe, for example Clostridium botulinurn, which is rare
but often fatal, and the enteric organisms and
Vibriocholerae.
2. Moderate with a potential for spread, for example
E. coli, Camiwlobacter, V. parahaemolvticus and many
serotypes of Salmonellae.
3. Moderate with limited spread, for example, Bacillus
cereus, C. perfringens type A and Staphylococci.
The bacteria found in hospital solid waste have been
studied and pathogens higher than class two have not been
reported. Class two organisms found were Moraxella sp.,
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Escherichia coli, Kiebsiella :., Sta phylococcus aureus and
Salmonella (Gordon et al, 1980). This inventory includes
those microorganisms discovered in hospital air, in
addition, in leachates from lysimeters filled with hospital
refuse and those isolated from hospital solid waste (Gordon
et al., 1980). Class two bacteria correspond to a wide
spectrum of indigenous moderate-risk agents present in
society associated with human disease of varying severity
(Department of Health and Human Services, 1978).
In a study by Gordon et al., (1980), the solid waste
of a teaching hospital was studied for the existence of
pathoqenic microorganisms. Waste from three areas of the
hospital were examined:
i. The incinerator room,
ii. General medicine areas and,
iii. The blood bank.
Staphylococcus, Bacillus sp and Streptococcus were among
the majority of micro organism isolated (Gordon et
al.,1980).
In another study by Barbeito and Shapire (1977), .
subtilis. spores were gathered from stack gas by the
filtration method when a portable pathological incinerator
was being tested to decide a minimum operating temperature
(Barbeito and ShapirO, 1977).
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In a separate investigation by the United States
Environmental Protection Agency, only two gram positive
bacilli per cubic foot of air were present in the effluent
from municipal incinerators (Environmental Protection
Agency, 1970).
Allen et al.(1989) from the University of Illinois at
Chicago, found only five references in the literature which
gave an indication of the effectiveness of incineration for
rendering infectious hospital waste innocuous. These
studies indicate the potential for discharge of bacteria
through the emission but as actual waste was not burnt at
the time of the test in three of the five studies, the
generalizability of the results are limited. One research
was conducted on an operating hospital incinerator where
hospital waste (including infectious hospital waste) was
burned. Bacteria were collected from the stack gas, but not
identified. lhus this research also indicated the
potential for release of bacteria stack gas, but,because
the bacteria were not identified, it is impossible to
determine the source of the bacteria (unburned waste or
combustion air) or the impact ofi the surroundings (Allen
et al., 1989). These studies highlighted the problem
associated with sampling bacteria from stack gas. The
results were inconclusive and indicated that some bacteria
might survive incineration. Allen concluded that further
research was necessary in this area.
108
3.8.5 Solid ash residue
The first step in the assessment of the innate hazard
of the solid residues is to determine the identity and
quantity of particulate chemicals in the bottom ash and the
fly ash. Solid residues generated by Municipal Solid Waste
incineration can be classified as either fly ash (the fine
particle matter collected from the air pollution control
system and boilers) or bottom ash (that collected from the
combustion grates). Bottom ash usually constitutes 70-90%
of the total volume of solid residue generated by Municipal
Solid Waste incinerators (EPA, 1988c).
In the United States, it is standard practice for
Municipal Solid Waste and incinerator ash to be analyzed
employing the extraction procedure (EP) toxicity test to
determined the leaching potential of metals. By Federal
drinking water standards, if the chemical concentration in
the leachate simulated by the extraction procedure toxicity
test exceeds predetermined criteria, the ash is determined
as extraction procedure toxic. Information gathered up to
1987 indicated that the combined fly ash and bottom ash
residues from most Municipal Solid Waste incinerators
exceeded the extraction procedure toxicity test criteria
for Cadiniwn and Lead (EPA, 1987).
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3.9	 A summary of other Dossible alternatives to
inc me rat ion
The aim of treatment of hospital waste is to change
the biological character of the waste to remove, or at
least to significantly reduce, its potential for causing
damage. In considering the most appropriate treatment and
disposal methods for hospital waste, account should be
taken of the existing local options. Several methods are
discussed below. As stated earlier nonhazardous chemical
waste can be disposed of along with general waste, but
special measures are necessary for chemical waste of
hazardous character. The two most common techniques used
to treat infectious waste are incineration and steam
sterilization. Other 	 methods currently used are
radiation, hydropulping, oxidation and microwaving.
Environmental impact and economics are important in
choosing a hospital waste treatment method, but they
become meaningless if the technology itself is not perfect
or is not effective. The main problem with incineration is
emission control which many be solved by either reducing
the emission or performing the process in an acceptable
environment. Some of the possibilities are as follows:-
3.9.1 Pyrolysis
Pyrolysis is a thermal treatment process in an oxygen
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deficient situation, it is not an incineration process. The
temperature for pyrolysis is lower than. incineration, the
operating temperature is usually around 8000 C. The process
is a physical and chemical decomposition of waste material
which can lead to 90% waste reduction (Shah et al., 1989;
Kharbanda, 1990). The main advantages when using pyrolysis
for hazardous waste reduction are as follows.
1. The residue is innocuous, sterile, and in friable form.
2. The products can be easily handled and transported.
3. The low temperature compared to incineration means
longer refractory life and reduced maintenance.
4. The volume of gases generated is considerably reduced,
therefore huge savings in power and gas cleaning
requirements result, whilst pollution is minimized.
5. The pyrolysis process is more controllable than
incineration.
6. It is more compact and cheaper than an incinerator.
The pyrolysis method does however have a disadvantage which
is the need to fume the incineration products of incomplete
combustion, such as the principal organic hazardous
constituents or carcinogens present in the hospital waste.
3.9.2 Sterilization
a. Steam Sterilization
Steam Sterilization is an oxidation process. Steam
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is passed into infectious waste in a pressurized autoclave
to kill the bacteria by heat. Sterilization does not
destroy waste. After sterilization waste must eventually
be disposed of in a landfill. A review of the literature
suggests that there may be some public health risk in using
sterilization by autoclave. There are some wastes that
should not be treated through steam sterilization, for
example body parts, and large quantities of animal bedding
all of which are generally high-density materials. Another
consideration attending autoclaving all infectious hospital
waste is that many bags are heavy and can burst and leak.
b. Ethylene Oxide Sterilization
Another way to sterilize infectious hospital waste is
the use of Ethylene Oxide (ETO). Ethylene Oxide is an
excellent sterilant and is ideal for hospital waste that
cannot be autoclaved because it does not impair rubber or
plastics and can penetrate muslin packaging and
polyethylene to kill all known microorganisms
(Glaser,1977). Ethylene Oxide is a colourless gas which
liquefies at 10.4° C (760 mm Hg). Unfortunately ETO does
present some adverse health risks, for example skin
sensitization, eye irritation, diarrhoea, respiratory
problems and vomiting (Glaser, 1977).
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3.9.3 Radiation
"Radiation of bulk materials and medical applications using
radionuclides have been used for some time. Now biological
materials are being subjected to similar treatment.
Radiation sources, such as cobalt-60, at source strengths
of 100,000 curies are being considered (Cross, 1990).
3.9.4 Wet Grinding
 or HydropulDing
Another method for the disposal of hospital waste is
wet grinding. The advantage of this method is that it can
reduce the waste volume and in addition provide for
fluidized transport. This system has not been tested on a
large scale. Further study is needed with a large
hyropulping plant to determine if greater volumes of waste
can be disposed of using this method. Experience has shown
a difficulty in pulping plastics and cloth. Equipment
failure was coxrnon and the separation of waste by this
method has not always been successful (Cross, 1990). As
grinders have the potential to aerolize infectious agents
from hospital waste, for the protection of public health,
it needs more research.
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3.9.5 Microwaving
In the United States Microwaving is a technique which
has recently been proposed. In this technique waste is
irradiated with microwave energy to disinfect material. In
the automatically controlled Sanitec Microwave Disinfection
System crushing then reduces the waste volume by about
eight times its original volume (Cross, 1990). Microwaving
uses less energy than other disinfection methods, and is
environmentally acceptable (Cross, 1990).
3.10 The proposed hospital waste disposal system at lcirkby
My study has been concerned with one application, that
of the Waste Management Limited proposal to construct and
operate a hospital waste incinerator at Hammond Road,
Kirkby Industrial Estate, Knowsley, Merseyside. The plant
(incineration unit) will consist of a two stream unit with
a nominal capacity of about 1.2 tons per hour. In
compliance with the latest proposals, each unit will
consist of two chambers; a primaxy combustion chamber
operating at a temperature of 900° C and a secondary, post
combustion, chamber operating at 11000 C with a gas
residence time of the order of two seconds so that
incomplete combustion gases from the primary chamber will
be totally destroyed.
I.
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The system will be operated by a microprocessor with a
printout facility for all stored information. The
incinerator itself will be composed of three distinct
parts: (See Figure 3.10.1)
1 - Stationary pyrolysis zone (starved air combustion).
2 - An incineration zone for complete calcination of the
residues of pyrolysis.
3 - An ash cooling zone with an automatic ash extraction
system.
The maximum expected emissions at the chimney are:-
Gas flow	 :2 x 12000 Nm3 /hr
Gas temperature	 :80 ° C
Fly ash (particulate) 	 :50 mg/Nm3
Oxygen	 :11 %
Cl	 :100 mg/Nm3
:25 mg/Nm3
F	 :4 mg/Nm3
Nox	 :100 mg/Nxn3
Sox -	 :100 mg/Nm3
Co	 :100 mg/Nm3
Cd, Hg, Tl	 :0.1 mg/Nm3
As, Co, Se, Te, Ni
	
:0.1 mg/Icm3 (total)
Sb, Pb, Cr, Cn, Mn,Sn, Pt:5 mg/Nin3 (total)
Temperature (minimum)
	
:100 ° C
Capacity Bacharach 	 :2 max.
Unburnt Particles in ashes:3 % max.
Temperatures (mm.) Incinerator : 900 C
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Post combustion	 :1100 ° C C 2 Second duration)
Sciibbing Liquor	 :60 ° C
•	 Maximum total fluorine content: 0.25 %
Electric Power Consumption 	 :2 x30 Kwh
c
Fuel Consumption: * Start - up:2 x 75 Kg
* Normal working
Condition	 : Nil
Drain to the sewer	 : Nil
The emission velocity at the chiiiney exit will be about
13.5 rn/Sec.
CHAPTER FOUR
RISKS FROM WASTE INCINERATION
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4.1 Introduction
The present chapter attexapts to present an overview
of the available procedures for incineration and hazard
assessment of hospital waste. This chapter discusses
primarily risk and its assessment and perception. Risk can
be considered from different perspectives which of
necessity contains assessments of a number of factors.
These include :-
a. Risks to human health (to be discussed in Chapter 9).
b. Risks to the environment, for instance hospital
incineration impact upon flora and fauna (to be
described in Chapter 9).
c. Risks to aesthetics.
d. Combinations of the previous three.
This chapter reviews some basic concepts of Risk in
general, and the application of these concepts to the
evaluation! measurement of the risk of hospital waste
incineration.
4.2 General consideration
The word 'Risk' probably originated in Greece or
Italy. It is the probability of the occurrence of an
undesirable future event. More exactly, risk is the
probability or likelihood of the occurrence of some
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adverse impact (Lowrance, 1981). According to one
definition, Hazards are threats to people and what they
value and risks are measures of hazards (Kates and
Kasperson, 1983). Risk can be defined as the probability
of the occurrence of an event. A risk involves a
combination of two factors:-
1. Probability or chance of an undesirable occurrence.
2. The severity of that occurrence (american Chemical
Society, 1984).
The Royal Society (1983) defines risk as • the
probability that a particular adverse event occurs during
a stated period of time or results from a particular
challenge. In this respect, risk is distinguished from
a Hazard' which is seen as follow:-
The situation that in particular circumstances could lead
to hartn (Royal Society, 1983).
Hazard is an always existent, inescapable part of life
(Covello and Mumpower, 1985). According to Smith (1992),
risk is sometimes taken as synonymous with hazard but risk
has the greater implication of the chance of a special
hazard actually occurring. Thus, we may define hazard as
a potential threat to humans and their welfare, and risk
as 'the probability of hazard occurrence'. The difference
was nicely illustrated by Okrent (1980) who discussed two
people crossing an ocean, one in a liner and the other in
a rowing boat. The hazard (death by drowning) is the same
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in both cases but the risk (probability of drowning) is
very different. If the drowning really happened, it could
be called a disaster. So a disaster may be defined as 'the
realisation of hazard' (Okrent, 1980).
Hazard, risk and disaster function on varying scales.
In terms of reducing hazard severity, we can identify the
following threats : -
a. Hazards to people - stress, injury, disease, death
b. Hazard to goods - property damage, economic loss
c. Hazard to the environment - pollution, loss of flora and
fauna and loss of amenity.
Utilization of the theory of risk is mainly for
persons or agencies who organize and develop the health and
safety concerns of the public. Such agencies should be
sufficiently informed of how the public thinks, responds
and reacts to risk (Slovic et al., 1979; Slovic, 1987). The
theory of Risk was developed by Bohiman in 1909. He
prepared a mathematical analysis of random fluctuations in
the insurance industry (Houston, 1960). Studies of risk
have been applied to various activities ranging from
hazardous wastes, to chemical and aviation industries. Risk
theory is used as a tool to measure the subtle and complex
perceptions that men have about risk.
There is no generally agreed definition of risk
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perception although risk assessment and risk perception
have been systematically studied. International
organisations have considered the process of assessment and
risk management (World Health Organisation, 1985a)& The
National Research Council (USA), 1983; Gratt, 1987;
Ruckelshaus, 1983; Royal Society (UK), 1983. The
definition of risk prepared by the Royal Society in 1983
has been interpreted in various ways. Three interpretations
of the term have broad acceptance and this must be
recognised and understood in order to appreciate the full
meaning of the term. Fortunately, Lord Ashby (1982) defined
these interpretations as follow:
"Those of us who are familiar with the concepts of
probability find its conclusions so persuasive that
we are surprised how unconvincing they are to many
people. It's useful at the outset to distinguish
three coxrnon meanings of the word 'Probability'. It
can refer to empirical results of observation, such
as the statistics of road accidents; or logical
deductions from reasoning (a point made by Veim over
a century ago in his book 'The Logic of Chance')such
as the fault-tree analyses in the Rasmussen Report
on nuclear power; or it can express a belief, as you
hear in American weather reports, when it is said
that there is a 30% chance of rain. Degrees of belief
are subjective and will differ even though based on
the same set of data.	 (Asithy, 1982).
4.3 Acceptable risks
Two methods have been put forward for determining
acceptable risks. Displayed preference methods, simplified
by Starr (1969), trust in the analysis of previous
behaviour in relation to risk to order future options. The
122
alternative method employs psychometric approaches to
determine what people consciously choose as acceptable risk
(Fischhoff et al., 1978; Green and Brown, 1978; Slovic
et al., 1979). According to Rowe (1977) displayed
preference theory methods to determine acceptable risk are
a beneficial way of creating hypotheses. As an intuitive
technique it is insufficiently designed to test its own
hypotheses, and readily degenerates into specious arguments
(Green,. Brown, 1977).
i4d
However, while nil risk is obviously the ideal, it is
generally an unattainable objective. (Analytical
methodology can detect some environmental contaminants in
concentrations as low as parts per trillion). Understanding
that the goal of nil risk is generally unattainable, risk
management policy makers have discussed the concept of a
de minimis or trivial level of risk with which society need
not concern itself (Spangler, 1987).
According to Fischhoff et al. (1984) a decision-
making perspective makes available a common language for
treating some recurrent issues in acceptable problems, as
illustrated in Figures 4.3.1 to 4.3.4. Assume that a single
individual is permitted to make each decision, that all
risks and costs can be identified, characterized, and
assessed with confidence, and that the advantages of all
the choices are identical. The choices differ only in their
cost and level of risk; zero (0) is the best level for each
Cost
0
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of these dimensions. As concrete examples, consider an
individual choosing among incineration or among landfill
procedures that differ only in cost and risk.
Figure 4.3.1 illustrates how the set options
considered affect the choice of the most acceptable option.
If I (Incineration) and L (Landfill) are the only options
available, then the choice is between high cost with low
risk (I) and low cost with high risk CL). The level of risk
accepted would then be that level associated with either
(I) or CL), depending on which was chosen. If another
option having lower cost and lower risk CM) became
available, then it should be preferred to either (I) or
CL). The risk approved would then be the level associated
with the new option.
0	 Risk
Figure 4.3.1 The effect of the options considered on the
choice made. Source: Fischhoff et al., 1984.
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Figure 4.3.2 shows how determination of the most acceptable
option depends upon the decision maker's objectives. If the
goal is minimizing risk, then option (Incineration) would
be chosen. Minimizing cost, on the other hand, entails the
choice of option (Landfill) and its higher level of risk.
x Minimum Risk
Cost
-4--- -----
Minimum cost
0
0	 Risk
Figure 4.3.2 The effect of the decision makers values.
Source: Fischhoff et al., 1984.
Figure 4.3.3 mitigates the assumption of complete
information. New knowledge can greatly change the decision
maker's appraisal of the costs and risks of M. Had M
previously been chosen, then the accepted level of risk
would prove to be much higher than that originally
expected. If the decision had yet to be made, then the
choice would return to I or L, with their accompanying risk
levels.
Cost
0
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0	 Risk
Figure 4.3.3 The effect of changing information.
Source: Fischhoff et al., 1984.
The decision formulas used in Figure 4.3.3, minimize cost
and minimize risk, were rather simplistic. The two broken
curves (indifference curves) in Figure 4.3.4 present more
believable preferences. Any point on such a curve would be
equally interesting to an individual whose preferences it
represents.
126
Cost
0
0 Risk
Figure 4.3.4 The effects of more complicated preferences.
Source: Fischhoff et al., 1984.
Case 1 demonstrates a willingness to suffer large costs in
return for small reductions in risk. By this standard,
option I is preferred to L; the cost saving of L is
achieved at the price of too great an increase in risk.
Actually, this individual would prefer I even if L's cost
was zero. Case 2 demonstrate less willingness to increase
costs in exchange for reduced risk; optionL is now the
best choice (Fischhoff,et al.,1984).
Therefore, the determination of acceptable levels of
risk associated with an activity is a social process
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involving the balancing of costs, risks, and benefits whose
distribution is often inequitable. Recognition of the
problems in quantifying social variables and the
impossibility of unanimous agreement on any social issue
is a prerequisite for understanding what makes a level of
risk acceptable. Thus, many risks are acceptable and some
conditions that support this contention are evident, in the
following:
1- A risk is unavoidable or uncontrollable without major
disruption in lifestyle-status quo condition.
2- A risk is perceived to be so small that it can be
ignored-threshold condition.
3- A risk is deemed worth the benefits by a risk taker -
voluntary balance condition.
4- A credible organization with responsibility for health
and safety has, through due process, established an
acceptable risk level-regulatory condition.
5- A historic level of risk continues to be an acceptable
one-de facto condition.
However, a risk is acceptable when those affected are
generally no longer or not apprehensive about it (Rowe,
1977). In deciding what kinds of disposal we should use for
hospital waste many environmental factors must be taken
into account; but the risks to human life and health must
always be the first consideration and may be overriding.
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44 Risk perception
Perception of risk according to Slovic (1987) is the
ability to sense and avoid damaging environmental
conditions required for the survival of all living
organisms. Survival is also helped by an ability to codify
and learn from past experience. Humans have an additional
capability that allows them to modify their environment as
well as respond to it. This capacity both creates and
reduces risk (Slovic,1987).
Perception is virtually never perfect, such as in the
way that a photograph reproduces a scene. Perception is a
highly selective, constructive and need driven activity
which attempts to preserve the stability and constancy of
the social and physical worlds C Handmer and Rowsell,
1990)
According to Shrader & Frechtte (1985), the task of
risk analysis is to resolve the following problems of risk
and to help us evaluate them.
- How safe is • safe enough ?
- How much ought we to pay for safety?
- How equitably ought we to distribute societal risks?
- How reliable are our scientific measures of risk?
Answering these questions means making a selection among
alternatives. Thus, acceptable-risk problems are decision
problems.
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It is the basic right of every individual to live in
a healthy environment. Civilization makes life more
comfortable but it has created environmental imbalances.
From our past experience we learn that Man has the
capability of modifying his environment according to his
needs and requirements. This knowledge has helped us to
both pollute environments and to also reduce risks as well.
Success in risk perception depends upon the subject being
able to perceive and to act to change or modify the risk
or to displace it.
The perception of risk is central to the concern which
the public frequently associates with proposed hazardous
waste treatment, storage and disposal facilities (TSDF).
In recent years rapid development of medical waste and the
risk of disposal technologies has been accompanied by the
potential to cause catastrophe and damage to the
environment and life forms that reside in it. The concept
of perception appears in many hazard pollution studies but
with little consistency of use. Recent risk perception
studies include:-
Assessment of risk made by potential victims, risk levels
and attitudes to the environment (Malhotra, 1979), the
identification of hazards (Jackson, 1981) and the awareness
of physical processes contributing to them (Eastwood, 1981)
as well as comprehension of the character of hostile
environments (Chang, 1978). A better understanding on the
part of disposal facility proponents of how the public
130
perceives risks may facilitate the better locating of
hazardous waste, treatment, storage and disposal
facilities (TSDFs) (Nehnevajsa, 1984). Mileti (1975)
believes that people are capable of perceiving the adverse
effects of an occurrence and, when considering risk, of
balancing these against the benefits arising from a
possible development. Risk perception is in turn viewed as
a function of seven other variables. (Fig 4.4.1) In
Mileti's words:
• Despite faults in human cognition of risk, the
probability of risk-mitigating adjustment increases as a
positive function of risk perception through the mediating
effect that perceived risk has on the variables of image
of damage and perceived benefits of such adjustment
Image of damage is what social units think will happen to
themselves, possessions and community were an environmental
extreme to occur; it has a positive effect on both
perceived benefits of risk-mitigation policy and on risk-
mitigation adjustment. The more potential damage imputed
on the basis of risk, the more likely a social unit will
adjust to that risk. Perceived benefits, positively affect
the probability of risk-mitigating adjustment to the extent
that anticipated benefits are worth the costs of policy
implementation (Mileti, 1975).
Mileti's model is largely based on work carried out in the
past few decades. Many studies, largely within psychology,
have concentrated on the perception of the probability
aspect of risks (Kabninan, et al., 1982; Nisbeltt and Ross
1980). These researches have provided an insight into our
ability to estimate probabilities.
Perception of risk includes three components;
awareness, knowledge and value. Awareness is largely a
function of time and publicity. Knowledge and values are
related to social and demographic variables such as age,
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sex and education level. Awareness of a risk can be nothing
more than having heard the name, or understanding that it
exists. It does not show any degree of knowing nor even
minimal information about the problem (Whyte, 1982). For
instance, in 1980, in Canada a survey showed that while 65%
of respondents had heard of acid rain (many of whom were
also prepared to say that it was the number one
environmental problem in Canada) only 10% could correctly
say that it was associated with sulphur dioxide or nitrogen
dioxide pollution (Whyte and Burton, 1982). However,
awareness of a risk seems to be widely a function of
publicity and time. It is necessary to understand the
dynamics of risk perception and three approach are as
follows : -
1- Long-term monitoring of public risk perception;
2- Public education in risk assessment;
3- Establishing a process for integrating scientific risk
estimates with public risk perceptions (Whyte, 1982).
4.5 Risk assessment
Risk assessment is a relatively new technique which
had its beginnings in the mid 1960s. There are several
theoretical problems associated with risk assessment
techniques which may be attributable simply to the
relatively recent development of this discipline. The term
risk assessment is used to explain the total process of
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risk analysis, which includes both the determination of
level of risk and social evaluation of risks. Determination
includes both identifying risks and estimating the
possibility and magnitude of their occurrence. Risk
evaluation measures both risk acceptance, or acceptable
levels of societal risk and risk aversion, or methods of
avoiding risk, i.e. alternatives to involuntarily imposed
risks (Rowe,1980). Figure 4.5.1 shows the relationship
between the various aspects of risk assessment.
Risk assessment
Risk determination	 Risk evaluation
Risk	 Risk	 Risk	 Risk
identification estimation	 avers ion	 acceptable
Identify:
New risks
Changes in
risk
parameters
Determine:
Probability
of
occurrences
Magnitude
of
consequence
Determine:
Degree of
risk
reduction
Degree of
risk
avoidance
Establish:
Risk
references
Figure 4.5.1 The module of risk assessment
Source: Rowe, 1980.
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There are various ways in which risk assessments
are accomplished in different countries. For instance,
about four times as many drugs have been approved for
physicians' use in Britain as in the United States of
merica, over the last decade (Kates, 1978). This
difference is explicable in part on the basis of variations
in risk assessment strategies in the two countries. For
example in assessing risk to human health it is necessary
to consider:-
1. The nature of risk and the potential health hazard to
human or other species;
2. The techniques and models to be employed for
estimating the risk at low doses of material that are
believed to have genotoxic, epigenetic or carcinogenic
action.
3. The validity of research methods to avoid excessively
optimistic forecasts.
4. How numerical values should be presented.
5. How to employ the notion of acceptable risk.
6. The criteria for selecting chemicals for priority
action (since more than 100,000 industrial chemicals
are in use, it is essential that a balanced scientific
view be taken).
7. The suppositions that are made regarding human
exposure to compounds in drinking water, soil, air,
food and exposure from other possible routes.
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8. The significance which must be accorded to material
containing reproductive, immunotoxic and behavioural
toxicity (Gow, 1988).
There are many models for risk assessment and risk
management. In the last decade, formal models have been
developed by the Royal Society in the UK (Royal Society,
1983), the National Research Council in the USA, (National
Research Council, 1983), the Interdepartmental Working
Group on Risk-Benefit Analysis in Canada (Interdepartmental
Working Group on Risk-Benefit Analysis, 1989) and the World
Health Organization (1985a). These models are used to
illustrate the important elements of risk management and
risk assessment and have many similarities. Figure 4.5.2
illustrates the model developed by the Interdepartmental
Working Group on Risk Benefit Analysis. A broad range of
risk analyses have been carried out, some of which are
scientific and quantitative, a second group which are
qualitative and a third group which study the management
of risks.
HAZARD	 1
IDENTIFICATIj
t
RISK
ESTIMATION
1
MONITORING
AND
EVALUATION
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Case reports
Toxicological Studies
Epidemiological investigations
Structure / activity analysis
Toxicological studies
Epideiniological investigations
Exposure data
Statistical analysis
DEVELOPMENT OF
ALTERNATIVE
COURSES OF
ACTION
I
DECISION
ANALYSIS
'I,
Program objectives
Risk management policy
Risk and benefits
Public perception of risk
Risk acceptability
Technical feasibility
Economic impact
Socio - political factors
Peer review
REVIEW I IMPLEMENTATION I
Commitment of resources
Communication of decision
Environmental sampling
Post - market surveillance
Prospective epidemiology
New health risk information
FIGURE 4.5.2 The process of Risk Assessment and Risk Management
Source: Krewski, 1987.
Although there are differences in the ways in which
risk assessment is accomplished in different countries,
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they usually contain three steps; risk identification, risk
estimation and risk evaluation.
4.5.1 Risk identification
Risk identification is achieved by means of different
scientific methods, particularly those common in toxicology
and epidemiology, and the conclusions are dependent upon
the employment of a number of biostatistical techniques
(Shrader, 1985; Gratt, 1987).
4.5.2 Risk estimation
The second step of risk assessment is risk estimation;
it is measurement of the range of potential consequences
of a hazard (Otway and Palmer, 1976). Examples of risk
estimation techniques include subjective and objective
measurements from personal judgment, models and formulae.
4.5.3	 Risk Evaluation
The third step of risk assessment is risk evaluation.
It is the process of determining the meaning or value of
the estimated risk to those individuals affected by the
hazard (Otway and Palmer, 1976).
The Royal Society (1983), have defined risk evaluation
as the complex process of determining the significance or
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value of the identified hazards and estimated risks to
those concerned with or affected by the decision. It
therefore includes the study of risk perception and the
balance between perceived risks and perceived benefits
(Royal Society, 1983).
Generally, there are two categories of methods used
in evaluating the acceptability of risk; the formal and
informal methods. This is the most important of all
informal approaches to risk evaluation. In the formal
methods of risk evaluation we can rationally arrive at
decisions about acceptable risk even in a short period of
time. But the informal methods are based on the presumption
that risk cannot be analyzed adequately in any short period
of time (Shrader, 1985). The formal method is called risk-
cost-benefit analysis. The informal methods include
revealed preferences, natural standards and expressed
preferences. These are shown below:-
a. Risk-cost-benefit analysis.
This method is a formal one and is well known to
practitioners of welfare economics. Risk - Cost - Benefit
analysis and decision analysis are the most outstanding
formal methods of evaluating acceptable risk. Formal
methods attempt to clarify the issues involved in
evaluating the acceptability of risks through the
application of ,ell defined principles of reasoning
(Shrader, 1985).
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The majority of the literature available related to
the disposal of solid waste has been directed at achieving
a balance between the costs and the risks of disposal of
solid waste. Figure 4.5.3 shows what it is that humans are
trying to achieve and what they are trying to avoid.
According to Wilson (1982) in the search for alternative
techniques, attention is now focused on the general issue
of project evaluation, that is on methods of comparing one
way of operation with another. In general terms any method
can be divided into four necessary steps:-
1. List the alternative options.
2. List the assessment criteria to be used.
3. Measure the implementation of each option against each
criterion.
4. Assess which is the preferred alternative.
List the options and the assessment criteria. It is useful
to arrange the information in a • decision inatrix table.
Table 4.5.1 illustrates a decision matrix for municipal
waste management. This diagram is a simplified version of
one used by Wilson for presentional purposes.
Incineration with cheapest
technology (Low Price)
0
Incineration with best
possible technology (High
Price)
Figure 4.5.3
The relationship between adapted incineration technology and environment.
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Table 4.5.1 Decision matrix for municipal waste management
Options	 Landfill Transfer! Incineratio RDF *
Criteria	 Landfill	 n
Cost/tonne	 1	 2	 4	 3
Capital cost
	 1	 2	 4	 3
Variability
ofmarket	 1	 1	 3	 4
Tecbrii cal
adequacy	 1	 1	 3	 4
Volume
reduction	 4	 4	 1	 2
products	 ?	 ?	 ?
Efficiency
of recovery	 4	 4	 2	 1
Traffic	 4	 3	 1	 1
Air pollution	 2	 2	 4	 1
Water pollution	 4	 4	 1	 2
Public health	 4	 4	 1	 2
Aesthetics	 4	 3	 2	 1
Public
acceptance	 4	 3	 2	 1
Source: Wilson, 1982.
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Although, there are approximately thirty options for
municipal waste management (the majority of which are
described in Chapter Three) only four methods are presented
here, whilst the criteria are divided into thirteen out of
perhaps fifty possibilities. The criteria are broadly
grouped into five categories, these being, economic,
resources, conservation, environmental and political
aspects. Some qualitative and quantitative assessments have
been chosen for the first three groups which are
illustrated in Table 4.5.2. Unfortunately the lack of
information in the table for environmental and political
criteria does mean that such assessments are not feasible.
b. The method of revealed preferences.
This approach is an informal one. This method assumes that,
through trial and error, society has arrived at a near
optimal and acceptable balance between the risks and
benefits associated with any activity. This approach uses
the level of risk that has been tolerated in the past as
a basis for evaluating the acceptability of present risks
Shrader, 1985; Smith, 1992).
c. The method of natural standards.
This method is an informal one. It combines approaches such
as Risk-Cost-Benefit Analysis and the method of revealed
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Table 4.5.2 Example of a decision matrix
Options	 Landf ii Transfer! Incineration RDF *
1	 Landfill
Criteria
Cost/tonne	 £4	 £10	 £20	 £12
Capital cost	 £1M	 €2M	 £8M	 £4M
Variability
of market	 Zero	 Zero	 Moderate	 High
Technical	 Proven Proven	 Some	 New
adequacy	 problem
Volume
reduction	 0	 0	 80%	 60%
Products	 Land	 Land	 Steam	 RDF
(gas)	 (gas)	 Fe	 Fe
Efficiency
of recovery **	 0	 0	 50%	 70%
Traffic
Air pollution
Water pollution
Public health
Aesthetics
Public
acceptance
RDF : Refuse ]riveJFutl
** Municipal Waste Disposal
Source: Wilson, 1982.
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preferences. The practitioner of this method infers
values indirectly, by asking people, directly, what risks
they deem acceptable (Fischhoff, et al., 1979). Results of
this method indicate that subjects believe that more
beneficial activities may be allowed despite higher levels
of risk associated with them. They also show that society
has a double standard of acceptability for certain
hazardous events.
d. The method of expressed preferences.
This is an informal method. It consists of asking a
sample of the community to express its preferences and then
considering the resulting information. The preferences
exposed in the sample are used to assess the importance of
different characteristics of risks and to rate subjects'
perceptions of the risks and benefits accruing to society
from different activities possibilities and technologies.
The greatest defect in the method of expressed preferences
comes from the limitations of the group expressing its
preferences. The best way to overcome this difficulty is
to have a standard for safety which is independent of the
beliefs of a specific part of society (Shrader, 1985 ).
Otway (1973) reported the significance of risk
evaluation in the overall process of risk assessment,
especially in assessing society's response to a new
technology or new decision. Society's attitude to risk is
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determined by a mix of psychological functions such as
perception, conditioning and learning. He described three
methods for discovering and inferring public attitude as
follows:-
i. Utility Theory.
According to Otway (1977) utility theory has been
helpful for assessing the expectation of decision-makers,
that is their expectations of the social utility to be
gained from a special decision as a function of technical
variables. The application of utility theory to risk
evaluation is comparatively limited.
ii. The use of statistical data arising from research into
social psychology.
This method is that of subjecting estimates of
individual risk to societal evaluation of risk. Otway
(1977) expresses the opinion that this method is not
totally satisfactory since each value of individual risk
is characterised by many variables other than statistical
estimates of frequency of occurrence.
iii. Attitude Theory.
Attitude cai be best defined as an organized structure
of ideas with both affective and cognitive components,
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which results in some reaction (Fislibein & Ajzen 1975).
According to Otway (1977) Attitude Theory is an applicable
and helpful tool in risk evaluation. The definition of
"attitude' makes it a useful predictor of the totality of
behaviour towards the 'attitude object'.
According to the theory a person's attitude toward an
object is a function of his beliefs about the object and
the evaluative responses associated with those beliefs
about the object. His attitude toward the object can be
described as:-
A0 =	 b b ej
Where:-	 A0 = Person's attitude toward to object o
b = The strength of i about object o, for
example the subjective probability that o
is related to attribute i.
ej = evaluation of attribute i.
n = number of beliefs.
Individual responses may then be collected to obtain a
value for the total expected social response of a given
social group.
4.6 Risk from hosita1 waste incineration
In terms of air pollution there are three types of
emission from incineration; continuous, upset and
accidental. Only continuous emissions (the most widespread)
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are discussed here. Continuous emissions of potentially
damaging material can happen during normal operation of an
incineration facility and can result in chronic
environmental and health effects. These can happen by
emission from the incinerator stack and from fugitive
emissions which may happen during the handling, storage and
treatment of waste. C Adverse irracts are also possible
from ash and other residues).
There are three steps in the process of estimating the
risk of emissions from hospital waste incineration.
a. Estimating or measuring emissions from the stack or
other source at the facility.
b. Determining the pathways by which the emissions reach
humans and the environment (see Chapter 9).
c. Determining the impact on the environment.
The results of the application of accepted risk/hazard
/impact analysis techniques have been reported by
Weinberger et al., 1984; Edward et al., 1985. These
techniques contain three levels; estimating the amount of
substance escaping from the source, analysis of the action
of the toxins from the source to a potential point of
exposure and estimating the toxicity of the compounds once
a human or environment is reached (EPA, 1988c).
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AflY of the formal or informal methods can be used in
evaluating the risk associated with hospital waste
incineration. The risk of accidents from hazardous waste
is discussed below.
4.6.1. Accident risk assessment
Awareness of the risks and consequences of
environmental releases of hazardous waste, especially
hospital waste and hospital incinerator effluent discharge
has increased in the wake of the Bhopal and Chernobyl
incidents. Hospital incinerators, particularly those
located close to residential areas, now cause public
concern because of the potential risks and liabilities
involved and the way in which they are perceived by the
individuals concerned.
The public now often requires that steps be taken to
prevent or at least to reduce losses from potential
releases of hazardous material into the environment. An
accident risk evaluation is a technique for assessing
impacts of such release. It could help sensitize all
concerned parties to what could occur and more importantly,
identify the mitigation measures needed to reduce risks to
public health and property.
Although accidents that have occurred at incinerators
are not well documented, the risks associated with
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incinerating hospital wastes conservatively range from
1 x 10-6 to 1 x 10-8 . This concept, means that the risk of
an individual, who lives in the neighbourhood of an
incinerator, incurring a health effect ranges from 1 in one
million (1, 000, 000) to one in one hundred million
(100,000,000). Incineration seems to be less risky than
other waste disposal methods. The risks associated with
hazardous waste incineration are 1 x io - to 1 x 108 for
industrial furnaces, and for boilers the associated risks
range from 1 x 1O to 1 x iO. (American Society of
Mechanical Engineering, 1988).
Many researchers have reported that the risk of
incineration to human health is low (Albert, 1983;
Trenhoim, et al., 1984; Edward et al.,1985; Curtis et
al., 1987; Oppelt, 1987; Lewtas, et al.,1987 ).
4.6.2. Chemical risk assessment
Chemical risk assessment is a tool for estimating the
risk that a specific material poses. There are generally
four steps to a chemical risk assessment:-
a. Hazard Identification
The identification of a particular hazard through the
use of a battery of toxicological tests represents only
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the first step in the risk assessment process. Hazard
identification is independent of how much of the material
is involved or whether any living thing is likely to be
exposed to it (Burke, 1984).
b. Dose-Response na1ysis
This looks at the risks posed by the material at
various levels of exposure. For example, saccharin and
dioxin cause cancer in animals but saccharin takes millions
more times the concentration than dioxin to produce
equivalent effects in laboratory testing (Burke, 1984).
The majority of literature available relating to the
disposal of waste has been directed at achieving a balance
between the costs and the risks of disposal of solid waste.
c. Exposure Assessment
Exposure Assessment is the estimation of the nature
of exposure, of how many people it affects and the time
span in which this exposure may occur. For many materials,
exposure analysis involves complete populations of
consumers or other individuals who may have been exposed
to the site over several years. A shorter time focus
involves the maximum level of exposure of people living
near to a specific source, for example a hospital
incinerator, for a shorter period (Burke, 1984).
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d. Estimation of Risk
Once a material has been positively identified as a
serious hazard, epidemiological and toxicological trials
are carried out on it in order to estimate the magnitude
of the risk.
4.7 Problems in Risk Analysis
Dilemmas in understanding probabilistic processes,
misleading personal experiences, the anxieties produced by
life's gambles and biased media coverage, frequently lead
individuals to deny uncertainty, maintain unwarranted
confidence in judgments of fact and misjudge risk (Slovic,
1982).
Covello (1983) reported that studies of risk
perception have often been based on small biased samples.
Inaccurate measurements of distances from a hazard and the
repetition of contact have not always been considered.
Furthermore, organizational impacts and social structural
variables such as sex, age, education, income, marital
status, occupation, ethnic origin, religion and
organizational membership have seldom been adequately
connected to perceptions of risk (Covello, 1983; Regens,
et al., 1983).
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The deficiency of statistical data and the lack of
clear standards that risk assessments must meet to use as
testimony in policy decisions has meant that there have
been few guidelines for undertaking risk analyses (US
Nuclear Regulatoxy Commission, 1975). Because of these
limitations in the availability of standards and data, the
practice of risk assessment is only a developing science
(Kates, 1978).
Surveys of risk perception also often have too many
prejudices and biases. Respondents may be unfamiliar with
the subject being measured and misunderstand the scientific
issues being studied and so give substandard responses
(Covello, 1983; Diliman, 1978). Many specialists maintain
that people magnify some risks, and minimise others. For
instance in relation to hospital waste they may minimise
the risk of things such as fly ash in their homes (Johnson
& Luken, 1987; Sandman et al,1987).
In researching risk perception, peoples' reactions to
different kinds of risks are measured (Sjoberg, 1987;
Rogers and Bates, 1983; Schwing and Albers, 1980). Even so
risk perception with regards to incineration hazards to
human health is still incompletely understood. The problems
are not so much in understanding probabilistic processes
or the factors that affect perceived risk but more in
accounting for the differences in perception because of
different levels of understanding and the influences of
153
biased media coverage C Slovic, 1987., and Otway and
Pabner, 1976).
At first sight, assessing the huinai risk perceptions
would seem to be very easy. Just askquestion like, 'Do you
think that an incinerator in the vicinity of your house
would be a problem for you?' or Do you know anything about
the effects of emissions from an incinerator's chimney upon
children's health? ' or 	 Do you feel concerned about
living in the vicinity of a hospital incinerator. But risk
perception is a subjective process by which persons
intuitively assess risk. Because of human conditioning and
limitations in knowledge processing, the public sometimes
misjudges risk and accepts views which can be at odds with
objective estimates. However, decision makers must be
informed of public perception of the risk associated with
different hazards, and give these views proper analysis
in selecting a suitable risk management strategy.
CHAPTER FIVE
ENVIRONMENTAL IMPACT ASSESSMENT
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5.1 Introduction
In the previous chapter comments were made on risk
assessment relating to waste and hospital solid waste
disposal and its treatment. In this chapter, Environmental
Impact Assessment (EIA) will be discussed and particular
attention will be given to the possible use of the
technique in relation to the siting of hospital waste
incinerators. The section begins with a review of the
history and different definitions of EIA, its advantages
and disadvantages. The section then moves on to consider
the use of EIA in the UK in general and its relevance to
hospital solid waste incineration in particular.
During the 1950s and 1960s environmental awareness
increased and was centred on the environmental consequences
of economic development. In developed countries this
concern grew particularly in connection with the unforeseen
environmental consequences of development projects. Prior
to 1970 the traditional method of control, in the United
States of xnerica, over projects which were seen as
possibly damaging to the environment was through direct
legal action. Some twenty years ago, the United States
passed the National Environmental Policy Act which demanded
that federal authorities consider the environment before
authorizing major developments (Canter, 1977; Munn, 1979;
Clark et al., 1980; Bisset, 1980; Wathern, 1988).
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5.2 General discussion
In recent years, in developing countries also,
increasing attention has been focused on the efforts made
to construct a coherent and systematic procedure to
appraise the effect of major industrial projects on the
environment and its embodiment within the development
process. In 1969 Environmental Impact Assessment (EIA) was
required by the National Environmental Policy Act in the
USA. For the first time, from the 1st Januaxy 1970, a
direct method of project control occurred. This act
required the production of environmental impact statements
for major federal development projects. Such documents must
be designed to produce statements On:-
a. The environmental impact of the suggested action.
b. The adverse environmental effects which cannot be
avoided should the suggested plan be implemented.
C. Alternatives to the suggested action.
d. The relationship between the short term uses of Man's
environment and the maintenance and enforcement of long
term productivity.
e. Any irretrievable and irreversible commitments of
resources which would be involved in the suggested
action should it be implemented.
The Act gave responsibility for producing guidelines for
the preparation of environmental impact statements to the
Council for Environmental Quality and the agencies carrying
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out the review and assessment processes. In the USA
Envirornnental Impact Statements have to address the eight
points listed below:-
1. A description of the proposed action including its
purposes, project area, resources involved, the
physical changes proposed and ecological systems to
be changed.
2. A description of alternatives to the proposed action
and a description of their impacts. Contained there
in should be an evaluation of the • no go alternative.
3. A study of the relationship of the proposed action to
existing land use plans, policies exd coittoLs ici te
affected areas.
4. A description of any probable adverse environmental
effects which cannot be avoided, including physical,
social and aesthetic impacts.
5. An investigation of probable impact of the proposed
action on the environment, containing both positive
and negative effects.
6. A debate on the relationship between long term and
short term uses of land and the maintenance or
enhancement of its productivity.
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7. An evaluation and description of any irretrievable or
irreversible uses of resources which would result from
the development.
8. A demonstration of the other interests and
considerations of Federal policy which may offset the
adverse environmental side effects.
In the United States system two types of EIS are produced,
a draft EIS and a final EIS. The draft EIS represents a
summary of the environmental study in which (in the Federal
System) the five items of National Environmental Policy Act
outlined above must be addressed. The introduction of the
United States National Environmental Policy Act stimulated
research into a more formal and standardised approach to
the presentation and review of the environmental impacts
of new projects in other countries. Various types of EIA
systems have since been adopted in Canada, Australia, Japan
(Lee and Wood, 1980b; Harashina, 1988), Southeast Asia
(Roque, 1985 ) and Czechoslovakia (Riha, 1988). Also in EEC
member states, particular interest has been shown in
France, West Germany, Ireland, and the Netherlands , in all
of which certain EIA provisions have been made (Lee N.;
Wood C., 1980a) and UK (see 5.7); Dobry (1975); Royal
Commission on Environmental Pollution (1976); Clark et al.
(1976); Catlow and Thiriwell (1977); Turnbull (1981);
Hancock, (1991).
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EEC Directive 85/337 was on the assessment of the
effects of certain public and private projects on the
environment. The Directive caine into force in Member States
of the EEC on 3 July 1988 (CEC, 1985). This Directive
places a compulsion on member states of the EEC to carxy
out assessments for proposed developments which are likely
to have significant impacts on the environment caused by
their size, nature or location. Assessment will be carried
out by developers who must produce a list of information
to the competent authorities who will be making a decision
on whether or not to give a development permit. The impacts
of a project on the environment should be assessed to take
account of concerns to protect human health, to contribute
by means of an improved environment to the quality of life,
to ensure the conservation of different species and to
maintain the reproductive capacity of the ecosystem as a
basic resource for life (CEC, 1985). Haigh (1987) has
summarised the important requirements of the Directive as
follows :-
a. An assessment is to be made of the significant impacts
of certain development projects on the environment
before planning consent is granted.
b. In co-operation with the planning authority, the
developer is to produce certain information on the
possible environmental impacts of a project and where
required should outline the main alternatives discussed.
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c. The public, those authorities with specific
environmental responsibilities and other member states
of the EEC should be consulted in advance and their
views discussed.
d. The meaning of the decision taken by the authorities and
any conditions attached to the development consent must
be made public (Haigh, 1987).
5.3 Definitions of EtA
No general and universally agreed definition of EIA
exists as the concept is continually growing and changing.
Since 1969 various documents have described not only
definitions and terms, but regulations and many methods for
the assessment of environmental impacts for instance,
Leopold et al., 1971 ; Ditton and Goodle, 1972; Burchell
and Listokin, 1975; Corwin et al., 1975; Lee, 1983; Munn,
1979; Graybill, 1985; Canter, 1986. The following
examples, however, give the more common definitions:-
According to Munn (1979) , EIA is an activity designed
to identify and predict the impact on the biogeophysical
environment and on Man's health and well-being of
legislative proposals, policies, prograimnes, projects and
operational procedures, and to interpret and communicate
information about the impacts. Heer and Hagerty (1977)
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believe that EIA is based on the prediction of the changes
in environmental quality which would result from the
proposed operation; u...assessment consists in
establishing quantitative values for selected parameters
which indicate the quality of the environment before,
during and after the action.
The Battelle Institute (1978) defined Environmental
Impact Assessment thus, EIA is an assessment of all
relevant environmental and resulting social effects which
would result from a project. The MinIstry o 1Iealth ana
Environmental Protection stated that EIA should not be
regarded as a cure-all for the defects in present planning
and decision-making or as a means that guarantees decisions
beneficial to the environment (MHEP, 1980).
EIA compares a variety of alternatives by which a
proposed objective may be realized and seeks to identify
the one which represents the best combination of economic
and environmental costs and benefits; To identify, predict
and to describe in appropriate terms the benefits and
penalties of a proposed development. To be useful, the
assessment needs to be communicated in terms understandable
by the community and decision maker and the pros and cons
should be identified on the basis of criteria relevant to
the countries affected (United Nations Environment
Programme, 1979).
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According to Ahinad and Sammy (1985) EIA attempts to
weigh environmental effects on a general basis against
economic costs and benefits in the overall project
evaluation. It is a decision-making tool and they believes
EIA is a study of the effects of a proposed action on the
environment. In this context, environment is taken to
include all aspects of the natural and human environment.
According to Biswas and Geping (1987) Environmental
Impact Assessment comprises the steps of identification,
predication, and evaluation. Many different terms may be
employed to define these activities. The majority of these
are as follows:-
a. Environmental Assessment	 (EA)
b. Environmental Appraisal	 (EA)
c. Environmental Impact Assessment (EIA)
d. Environmental Impact Appraisal 	 (EIA)
e. Environmental Impact Analysis 	 (EIA)
f. Environmental Impact Evaluation (EIE)
g. Environmental Identification 	 (El)
h. Environmental Inventory 	 (El)
i. Environmental Baseline Study 	 (EBS)
j. Ecological Reconnaissance 	 (ERO)
k. Environmental Setting	 (ES)
1. Initial Environmental Examination (lEE)
The definition of terms is essential in that it provides
for understanding of what has become a confused area of
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knowledge. It is self-evident that much of the present
confusion that surrounds EIA emanates from the lack of a
series of precise definitions of the terms which have been
used. Although Environmental Impact Evaluation,
Environmental Analysis, Environmental Impact Analysis,
Environmental Impact Appraisal Environmental Appraisal,
Environmental Impact Assessment and Environmental
Assessment are generally used for the same purpose, Biswas
suggests that in future the terms Environmental Impact
Assessment (EIA), Environmental Impact Statement (EIS) and
Environmental Impact Analysis (EIA) should be used with
precision, and that any alternative titles should be
related to these terms.
Before leaving this section on definition of EIA,
it is necessary to draw a clear distinction between the
Environmental Impact Assessment (EIA) and Environmental
Impact Statement (EIS). These terms have been used
interchangeably by many authors, but they do not represent
the same thing (A1xnad and Sammy, 1985). An Environmental
Impact Statement for a proposed project is a summary of the
findings of a detailed environmental review process.
Burchell and Listokin define an EIS:
• The actual presentation that results from an environmental
impact analysis. It may be in the form of text, statistics,
matrices, overlays, film, computer graphics and other
graphic techniques, or a combinations of any or all of
these, depending upon the client and the nature of the
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development project (Burchell, 1975).
The terms EIA and EIS both have their origin in the
National Environmental Policy Act (NEPA) and the Council
on Environmental Quality Regulation in the USA. According
to Bisset (1987) EIA is concerned, basically, with
identifying and assessing the environmental consequences
of development projects, plans, programmes and policies in
an attempt to ensure that the 'best' alternative for
development is selected. The results of EIAs are usually
presented in documents or reports known as Environmental
Impact Statements 'EISs'	 . 2-c!%Vj, %
describes the fundamental activity, and EIA is simply an
introduction to it.
In summary, Environmental Impact Assessment is a tool
or a method whereby the affects of a proposed action on the
environment can be identified and evaluated. It contains:-
a. A description of the proposed development. This was
reported by Catlow and Thirlwell, 1977 and Ortolano,
1984.
b. Identification of the area of the project (Clark et al.
1981)
c. Predication of the magnitude of the impact of various
actions on the environment C Wathern, 1988;
Environmental Resource Ltd., 1984).
d. Evaluation of the significance of the effects of
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alternative actions on the environment (Clark et al.,
1981)
e. Communication of impact information to users such as
decision-makers and the public (Erickson, 1979; Ahinad
and Sammy, 1985).
5.4 Steps in the EXA process
Environmental Impact Assessment aims at the best
decision-making. It is often agreed that EIA should be
concerned with the identification, measurement,
interpretation and communication of environmental impacts
of the suggested action. Attempts should be made to
decrease potential adverse effects and increase likely
benefits through the identification and assessment of
alternative sites and/or processes (Clark et al.,1984). The
EIA process, explained by the Commission of the European
Communities in European directive (1985),
	
generally
contains the following characteristics :-
a. Deciding if an EIA is needed;
b. Determining the coverage of an EIA;
c. Preparation of a draft EIA;
d. Reviewing the environmental statement;
e. Consultation and public participation;
f. Preparation of a final environmental statement
incorporating the findings from consultation and public
participation;
g. Reaching a decision;
166
i. Monitoring and post-auditing (CEC, 1985).
There are many ways to establish an EIA, differing
from country to country. rnad and Saxrny (1985) described
the steps in an EIA thought to be suitabl practical and
potentially cost useful for adoption in developing
countries (Figure 5.3.1).
As the process of EIA has already been studied by
several authors and organizations Canter, 1977; WHO, 1983;
CEC, 1985; Ahmad and Sainrry, 1985; Biswas and Geping, 1987;
Wathern, 1988 it will - 	 be discussed here,briefly. The
only
first step in the EIA process is Preliminary Activities.
According to 1unad and Sarrrmy (1985), there are many
prerequisites that must be fulfilled for an appropriate EIA
to be accomplished. These are as follows:-
a. Identify decision-maker(s);
b. Decide on work allocation;
C. Write description of proposed action;
d. Review existing legislation.
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Figure 5.3.1 Activity diagram for EIA
Source : hxnad and Sainnrj, 1985.
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The Council on Environmental Quality (1980); 1ixnad and
Sammy (1985); and Beanlands (1988) reviewed Impact
Identification or Scoping. According to them, scoping is
a crucial step in the EIA process, as it can control cost
and optimize the effectiveness of the assessment by the
early identification of potentially serious dilemmas. It
is the procedure used to determine the terms of reference.
The process usually consists of two stages. First, a
comprehensive list of all impacts is gathered using a
number of different techniques, including checklists,
metrics, guidelines and professional judgments. Secondly,
this list is carefully examined and a manageable number of
the important impacts are selected for study using four
criteria : magnitude, extent, importance and special
sensitivity. Magnitude concerns the scale of the impact,
that is, the amount of change that will be experienced.
Importance refers to the significance of the impact. The
extent of an impact concerns the area which will be
affected. Special sensitivity refers to the specific
environmental concerns of some areas such as air pollution.
The baseline study refers to the collection of background
information on the environmental and socioeconomic setting
of the proposed development project. It is a simple record
of what existed in an area prior to any developmental
action. A baseline study can be designed using the results
of a scoping exercise.
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There is little agreement on what measurement means
in EIA literature. Generally it refers to a quantitative
estimation of magnitude. Mixnad and Sammy (1985) state that
the quantification of impacts is a very complicated and
debatable technical aspect of an EIA. They suggest that
perhaps it would be desirable to deal with controversy
first, and the technical aspects later. The evaluation
process usually referred to as impact quantification or
predication begins after the project alternatives have been
defined.
Mitigation measures refers to the need to determine
the importance of an impact. It is not always possible to
delete an adverse impact as a whole, but it may be possible
to prevent or reduce its intensity by mitigation measures.
As described by Ahinad and Sair' (1985) the Assessment stage
consists of combining technical information, environmental
losses and gains with economic costs and benefits, in order
to produce a full picture for each project alternative. An
appropriate tool of the economists for this step is cost-
benefit analysis; it is discussed in Chapter 4.
Documentation refers to the presentation of
information which helps decision-maker(s) and interested
people come to some conclusions on the merits and demerits
of a proposed project. The documents which will arise out
of an EIA will fall into two sorts, reference documents
which contain a detailed record of the work so far
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completed, and working documents which are a formal means
of communication from the technologists to the decision-
maker(s).
If Environmental Impact Assessment is to be effective
it cannot be considered in isolation from other aspects of
the planning process. In planning for development, all
relevant factors such as economic, social, political and
technical factors, have to be taken into account. This
phase will not be described here in detail since it is
fully described and discussed by Munn, 1979; Lee and Wood,
1978; Canter, 1977; United Nations Economic ssio tot
Europe, 1979; Clark et al., 1984; Wathern, 1988.
Wathern (1988) reported that the objective of EIA is
not to force decision makers to accept the minimum
environmentally damaging alternative. The decision-making
begins when the working document (which contains a list of
project alternatives with comments on the environmental and
economic impact of each alternative) reaches the decision-
makers. A decision-maker can accept onedfthe project
alternatives or ask for more study or refuse the proposed
action altogether.
The term 'audit' does not have a clearly defined
meaning in environmental science literature. Increasingly
the term is used to explain the process of comparing the
predicted environmental effects in an EIA with those which
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actually happen after implementation in order to assess
whether the impact prediction process performs
satisfactorily (Environmental Protection Agency, 1980;
Bisset, 1984; Institute for Environmental Studies, 1977;
Tomlinson, 1987). These authors and organizations state
that EIA5 based on predictions and post audits have shown
how close those predictions were to actuality.
55 The Advantages and disadvantaaes or problems of EXA
In developed countries, opposition between local and
any other interests in relation to a development proposal
is a common problem. This dilemma cannot be resolved by EIA
but it can help to clarify the issues at stake, before a
decision is taken usually on the basis of political
factors. EIA identifies, predicts and aids discussion of
individual impacts and how they effect special
environmental components and impacts on a human population
(Clark. et al.,1984).
One of the greatest criticisms which has been directed
at EIA is that it causes considerable expense and delays.
In developing countries some people state that 'EIA is just
another bureaucratic stumbling-block in the path of
development' or 'EIA is a sinister means by which developed
countries intend to keep the developing countries from
escaping poverty'. But really EIA is not anti-development,
EIA is a tool for development planning very similar to
172
economic analysis. There have been many studies relating
to the usefulness or otherwise of EIA as a tool for
development planning and implementation control. It is thus
useful to focus on some of the pros and cons of its
introduction (Dean andGrahaiu, 1978; Miller and Wood, 1983;
Clark et al.,1984; Mxnad and Sammy, 1985; Wathern, 1988).
a. The Advantages of EtA
According to Lee and Wood (1978), who studied EIA
systems in the United States and also in Britain and
elsewhere, certain advantages may derive from its
introduction and widespread use. The principal points of
a EIA are designed to meet two basic requirements.
i. It should generate a systematic assessment of likely
environmental impacts in a form suitable to the activity
to which it relates.
ii. It should help decision making by integration into the
planning process an early stage.
Lee and Wood reported that additional benefits which would
result from provision for wider consultation are as
follows : -
1. The nature of EIA is such that it involves specialists
from a variety of fields in the examination and evaluation
of the potential environmental consequences of a
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development. It has been claimed that this enables better
decisions to be made from an environmental point of view.
(Lee and Wood, 1978).
2. EIA may engender greater and more informed public
participation in the decision and planning processes
relating to major developments which have a potentially
significant affect on their own future environment (Lee and
Wood, 1978).
3. The system may produce a more systematic and thorough
assessment of environmental impact than would otherwise
happen.
4. By presenting a significant element of external
inspection, it may give greater assurance that
environmental impacts will be assessed adequately and taken
into account than would be achieved by purely internal
administrative commitments by each agency (Lee and Wood,
1978).
b. The Disadvantages or problems of EXA
This section will briefly mention some of the problems
encountered by the developing countries with EIA. It is
clear that all problems associated with EIA could not be
included. In many developing countries, the difficulties
of introducing EIA originated from a deficiency of
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qualified persons together with a lack of any real
understanding of the EIA procedure. Mmad and Sarnrmj (1985)
summarized these problems in six categories as follows:-
- Too many alternatives;
- Too many impacts;
- Lack of data;
- Lack of expertise;
- Impacts cannot be quantified;
- Cost-benefit analysis is inappropriate.
Also a number of possible disadvantages have been studied
by Canter, 1977; Clark et al., 1980; Lee and Wood, 1978;
O'Riordan and Hay 1976; United Nations Economic Commission
for Europe, 1979; such as the following:-
1. In some cases it has been claimed that the budget
involved was so great as to cause the cancellation of
certain projects.
2. It is sometimes thought that publishing details of a
proposed development may, in certain cases, prejudice
the developer's interests, particularly when this
information relates to trade secrets.
3. It may also be argued that for certain impacts no
satisfactory evaluation techniques have been developed.
This means that in certain cases there may not be any
satisfactory methods of weighing the environmental
impact of a project against its economic impact.
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4. It is thought that an EIA system may generate
considerable delays which may unnecessarily hinder
developments.
5. Concern has been expressed that any new decision making
process may disrupt existing planning processes (Lee and
Wood, 1978).
Lee and Wood claim that these problems are possibly
less frightening than they at first appear. It is doubtful
whether significant delay is inherent in an EIA system.
Maximum time limits for each step in the EIA procedure can
be created. Even in the United States case study
investigations indicate that delays are more usually due
to cumbersome administration and to deficiency or absence
of co-ordination in decision-making rather than to the
actual analysis of environmental impacts.
Another possible disadvantage is that in certain
countries, and especially in America, the production of EIS
has become a matter of routine, resulting in an effort to
make the document judge proof , and in the production of
meticulously prepared but lengthy and often dull
documents (Warner and Preston, 1974). In reply to this
point, Garner (1979) has suggested that brief documents
couched in appropriate language with a maximum length of
5000 words could replace the more voluminous documents
which are frequently produced (Warner and Preston, 1974).
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Fears that EIA may replace the present process could be
reduced by incorporating the EIA approach within existing
processes rather than establishing a parallel system.
5.6 Environmental Health Impact Assessment EHIA
Environmental Impact Assessment is becoming one the
most effective tools in the planning of developments, whose
possible environmental consequences are some of the main
determinants of human health. For this reason the objective
of reaching acceptable standards of health cannot be
separated from that of achievitg high etwiiortit.X tj
standards. Reports and publications are available to
provide information on the relationships between
environmental factors and human health such as the WHO
1979; Cohen, 1983; Robinson et al., 1983; Parke, 1983;
Donaldson, 1984; WHO, 1983, 1985b; Go, 1987; Giroult, 1990.
The purpose of the Environmental Health Impact
Assessment is to identify, a priori, the possible and
likely environmental health consequences of a proposed
action, so that negative impacts can be prevented or
minimised by applying the best appropriate technology or,
if this is not possible, by discussing alternatives to the
proposed action which would prevent detrimental effects.
The purpose of the system is not to avoid economic
developments; actually, these are often a vital means for
raising health standards. According to the WHO (1979)
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Environmental Health Assessment (EHIA) involves evaluating
the benefits derived from the use of a particular product,
and the costs associated with the use and disposal of
chemicals. The evaluation of the benefits and the costs
requires a multidisciplinary approach and the collaboration
of environmental health experts of various kinds with
technologists, ecologists and economists. A method for
environmental health impact assessment is illustrated in
Table 5.6.1.
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Table 5.6.1 Processes of environmental health impact
assessment.
It Steps to be taken	 Tools be used
Step 1
Assessment of primary impacts	 Regular EIA process
on environmental parameters
Step 2
Assessment of secondary or 	 Regular EIA process
tertiary impacts on environmental
parameters resulting from the
primary ones
Step 3
Screening of impacted	 Epidemiological
environmental parameters of	 knowledge
recognized health significance
(EH factors)
Step 4
Assessment of the magnitude 	 Census, land-use
of exposed population for each 	 planning
group of EH factors
Step 5
Assessment of the magnitude of Census
risk groups included in each
group of exposed population
Step 6
Computation of health impacts	 Results from risk
in terms of morbidity and	 assessment studies
mortality
Step 7
Definition of acceptable risks Assessment of trade-
(or of significant health	 off between human and
impacts)	 economic requirements
step 8
Identification of efficient 	 Abatement of EH factors'
mitigation measures to reduce 	 magnitude, reduction of
significant health impacts 	 exposure, reduction of
exposed populations,
protection of risk
groups
Step 9, Final decision
Yes, if public health authorities are satisfied with
proposed mitigation measures to control significant
health impact
No, if significant health impact was assessed and if
doubt remains on the efficiency of proposed mitigation
measures
w.rouic,
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According to WHO (1979) some development projects
through the ages have created hazards to health and
consequently diseases. For example coal fired smog hanging
over London in years past brought respiratory illnesses and
crippling rickets. Also this organization reported that in
one estimate in the 1970s, about 60,000 chemicals are in
every day use and increase at the rate of some 200-1000 new
chemicals per year. These substances may also appear in the
environment as air, water and soil pollutants (WHO, 1979).
Some examples of relationships between environmental health
factors, exposure, risk qrouçs itqatis e&re te
illustrated in Table 5.6.2.
Health effects were direct and presented no conceptual
problem for including within the EIA assessment framework.
Health impact is quantitatively explained at different
levels of physiological response and affected population
size. According to the WHO C Go, 1987) usual human health
and welfare concerns are as follows:-
a. Health Impact
- increased risk of morbidity and mortality from air
pollution;
- contamination of water supplies and recreation water;
- contamination of shellfish harvesting areas and food
chains;
- stress resulting from congestion and adverse
environmental factors;
- risk from hazards and safety perception;
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I. Welfare Impact (these are commonly referred to as
induced soda-economic effects).
- noise;
- aspects of air and water quality problems affecting
amenity and
- economic value of the resources;
- outdoor recreational services;
- public nuisance;
- demand on municipal infrastructures and services;
- aesthetics and social amenities;
- psychological features,
- population growth;
- open space and privacy;
- natural productivity.
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Table 5.6.2 Examples of environmental health factors.
Air pollution
Factors and their effects:
inter dust (irritation of respiratory tracts)
pathogens on aerosols (respiratory diseases)
gaseous or suspended particulate toxic chemicals
(carcinogenic effects)
oxygen deficit (asphyxia)
Exposure:
people breathe indoor and urban air (pollution of higher
atmosphere is not a health problem)
Risk groups:
people with chronic respiratory diseases
Migration:
abatement of emissions at source
dispersion of pollutants in the higher atmosphere
reduction in exposure of risk groups
Solid Wastes improperly disposed
Factors and their effects:
inert materials such as stone, glass and metal
(injury hazard)
toxic materials (human ingestion through water or food)
organic fermentation products (favours growth of
pathogens)
food residues (increase population of disease animal
vectors such as flies and rats)
Exposure:
contact with disease vectors
contact with toxic materials
consuming contaminated food water
Risk groups:
children playing on discharge sites
garbage collection workers
consumers of water from aquifers contaminated by
leachate
people within dispersal range of vectors
Mitigation measures:
proper selection of disposal sites
fencing of disposal sites
burying disposed waste under soil cover
Source Giroult, 1990.
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5.7 The United Kinadom roach to EXA
In Britain, interest has been shown in EIA since the
early 197 Os, but until 1988 when the EEC directive came
into force there were no statutory requirements for any
special form of Environmental Impact Assessment (HNSO,
1989). As interest in EIA grew in the 1970's a number of
reports were commissioned by the Department of the
Environments for example Dobry (1975), calling for a more
A
complete environmental evaluation of impacts. Probably the
USA experience of EIA affected his recommendation that an
EIS produced in Britain should take no more than ten weeks
to produce and should be couched in non technical language.
In this form the Environmental Impact Assessment would have
the dual advantages of brevity and the ability to inform
a wide, non technical audience. Local planning authorities
are now obliged to appraise, among other things, measures
for the improvement of the physical environment and how to
integrate these in their plans for development and other
uses of land. Special environmental impact assessments may
be employed in major developments on the initiative of the
developer or of the planning authority. The Government
supports their use in appropriate cases together with
industrial, social, health and safety, employment, land use
and other implications (United Nations Economic Commission
for Europe, 1979).
The • Environmental Assessment booklet published by the
Department of the Environment, Welsh Office, describes the
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procedures which apply to projects which fall within the
scope of the EEC Directive and require planning permission
in England and Wales (Her Majesty's Stationery Office,
1989). Schedule 1 types of development require
environmental assessment in every case and include oil
refineries, power stations, steel works and waste disposal
installations for the incineration of special waste.
Schedule 2 projects 	 require EIA,if they are likely to
O&%
have significant effects on the environment. Examples are
salmon hatcheries, cement or glass factories, shipyards and
breweries.
5.8 Methods of EtA
In the literature, there is no single best
methodology for environmental impact assessment. Many
methods have been devised to aid the preparation of
environmental impact statements. Reviewers of impact
assessment methods believe that there are five parameters
which must be considered in any assessment (Munn, 1975;
Bisset, 1987), (see 5.4) these are as follows:-
1. Impact identification.
2. Impact prediction and measurement.
3. Impact interpretation or evaluation.
4. The communication of information on impacts to
decision-makers and the public.
5. Impact monitoring and mitigation measures.
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As there is no standard method, it is very important,
that cook-book methodologies are not blindly followed,
and that methods are improvised to suit local conditions
and limitations. These methods are fully described and
discussed by McHarg, 1968; Leopold et al., 1971; Dee et
al., 1972; DittonandGoodale, 1972; Welch andLewis, 1976;
Clark. et al., 1978 and 1979; Sondheim, 1978; Thor, 1978;
Bisset, 1980, 1983, 1986, 1987, and 1989; Turner and
O'Riordan 1982; Chapman, 1981; Lee, 1983; Clark et al,
1984; Aliinad and Sammy, 1985; Canter, 1986; Wathern, 1988.
There are many methods for making an environmental
impact assessment. Attention will be focused in this
section on the main methods of EIA. These techniques can
be listed as follows:-
a. Ad hoc methods
b. Checklists
c. Matrices
d. Overlays
e. Networks
f. Quantitative methods or index methods
g. Models
k. PDC method
a. Ad hoc aethods
Ad hoc methods clearly afford certain advantages. They
are flexible in that the scope of the investigation can be
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expanded or contracted in response to any preliminary data
which is collected. This system permits the latest
technical developments in impact assessment to be utilised
if required. Ad hoc methods are usually developed for a
particular EIS by those conducting the assessment and the
results may not be comparable with other related
developments. These methods offer minimal guidance to
impact assessment beyond suggesting broad areas of possible
impacts for instance, impacts on flora and fauna, impacts
on trees, impacts on water and any other factors (Warner
and Broxnley, 1974; Warner and Preston, 1974).
b. checklists
A variety of checklist methods are available including
simple descriptive and scaling and weighting checklists
(Canter, 1977; Bisset, 1987). These list environmental
agents present in the locality in which a development is
planned and which are likely to be affected by the
development. Checklists have primarily been used for the
environmental, social and economic components to identify
parameters and factors which need to be considered in
detail. Table 5.8.1 illustrated a checklist for example.
This method (Simple checklists) provides a specific list
of environmental parameters to be investigated for possible
impacts, but does not require the establishment of direct
cause-effect links to project activities. They may or may
not include guidelines about how parameter data are to be
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measured and interpreted (Warner, Preston, 1974). The other
main purpose has been to ensure that assessments are
sufficiently comprehensive and do not neglect any important
parameters.
According to Bisset (1987) descriptive checklists
present guidance on assessment. These are helpful for
identifying impacts, inventory, prediction and analysis,
and the evaluation of impacts and the comparison of
alternative plans.
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Table 5.8.1	 'pical Simple Checklist
PHYS ICAL
1. Geoloav
1.1 Unique Features
1.2 Mineral Resource
1.3 Slope Stability/Rockfal].
1.4 Depth to impermeable Layers
1.5 Subsidence
1.6 Consolidation
1.7 Weathering/Chemical Release
1.8 Tectonic Activity/Vulcanism
2. Soils
2.1 Slope stability
2.2 Foundation support
2.3 Shrink-Swell
2.4 Frost Susceptibility
2.5 Liquefaction
2.6 Erodibility
2.7 Permeability
3. Special Land Features
3.1 Sanitary Landfill
3.2 Wetlands
3.3 Coastal Zones/Shorelines
3.4 Mine Dumps/Spoil Areas
3.5 Prime Agricultural Land
7. Enerav
7.1 Energy Requirements
7.2 Conservation
Measures
7.3 Environmental
Significance
4. Water
4.1 Hydrologic Balance
4.2 Ground Water
4.3 Ground Water Flow Direction
4.4 Depth to Water Table
4.5 Drainage/Channel Form
4.6 Sedimentation
4.7 Impoundment Leakage and Slope Failure
4.8 Flooding
4.9 Water Quality
5. Biota
5.1 Plant and Pnimal Species
5.2 Vegetative Community
5.3 Diversity
5.4 Productivity
55 Nutrient Cycling
6. Climate and Air
6.1 Macro-Climate Hazards
6.2 Forest and RangeFires
6.3 Heat Balance
6.4 Wind Alteration
6.5 Humidity and Precipitation
6.6 Generation and Dispersion of Contaminants
6.7 Shadow Effects
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Continue Table 5.8.1
SOCIAL
8. Services
8.1 Education Facilities
8.2 Employment
8.3 Commercial Facilities
8.4 Health Care/Social Services
8.5 Liquid Waste Disposal
8.6 Solid Waste Disposal
8.7 Water Supply
8.8 Storm Water Drainage
8.9 Police
8.10 Fire
8.11 Recreation
8.12 Transportation
8.13 Cultural Facilities
9. Safety
9.1 Structures
9.2 Materials
9.3 Site Hazards
9.4 Circulation Conflicts
9.5 Road Safety and design
9.6 Ionizing Radiation
10. Physiological Well-Being
10.1 Noise
10.2 Vibration
10.3 Odour
10.4 Light
10.5 Temperature
10.6 Disease
11. Sense of Community
11.1 Community and Organization
11.2 Homogeneity and Diversity
11.3 Community Stability and Physical Characteristics
12. Psychological Well-being
12.1 Physical Threat
12.2 Crowding
12.3 Nuisance
13. Visual Ouality
13.1 Visual Content
13.2 Area and Structure Coherence
13.3 Apparent Access
14. Historic and Cultural Resources
14.1 Historic Structures
14.2 Archaeological SJtes and Structures
Source: Bisset, '	 1991.
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A Scaling checklist consists of a list of
environmental elements or resources such as air quality,
water quality, accompanied by criteria which express values
of these resources. This method typically encourages the
assignment of best-to-worst rank to each of the
alternatives relative to each of the other items in the
checklist (see Chapter 10).
Dee et al. (1972) reported the Scaling Weighting
checklist developed by the Batt]Le Columbus Laboratories in
USA (Lohani and Halim, 1987).
The Environmental Evaluation system is used to
evaluate the future condition of environmental quality
'with' and 'without' the project. A difference in
Environmental Impact Units (EIU) between these two
conditions constitutes either adverse (loss in EIU) or
useful (gain in EIU) impact. Mathematically this process
can be described as follows (Lohani and Halim, 1987) :-
E1	= Em 	 (V1 ) W - I"	 (V)2 W
Where
E1
 = environmental impact
(Vi ) = value in environmental quality of parameter i
with the project.
(V1 )2 = value in environmental quality of parameter
without the project.
= relative weight (importance) of parameter i,
m	 = total number of parameters.
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A Questionnaire" is one type of checklist. This method
has the following advantages:
1. Checklists can be used as screening devices and are thus
used to highlight enviroruuental impacts.
2. They present a visual representation, which is easy to
read, of the relationship between a proposed operation
and any predicted impact.
3. Checklists can be expanded or contracted according to
the requirements of the situation; they are flexible.
In descriptive checklists no emphasis is given to the
relative importance of the various environmental
characteristics. Scaling checklists include potential
confusion over the scaling approach and the focus of
attention on numeric indicators of impact scale to the
exclusion of any consideration of real impacts.
The main disadvantage of checklists is that they are
limited because they usually only concentrate on one side
of impact identification.
C. Matrices
A matrix is a more sophisticated tool than a simple
checklist. Often one dimension of a matrix is a list of
environmental, economic and social factors likely to be
affected by a proposal. The other dimension is a list of
actions associated with the development. The most notable
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of these methods is the matrix developed by Leopold and his
colleagues (Leopold et al., 1971). Figure 5.8.1 illustrates
how the Leopold matrix can be used in the assessment. The
Leopold matrix is comprehensive in covering both the
physico-biological and socio-econoxnic environmental
impacts.
The cells of the matrix representing an interaction
between a component and action are bisected diagonally.
Impacts are investigated and scored subjectively by experts
on a 1 to 10 basis where 1 is the least magnitude or
importance and 10 the greatest. The score for magnitude is
placed in the top left hand corner of each cell and the
score for importance placed in the bottom right hand
corner. The main purpose of the Leopold matrix is the
identification of impacts and the determination of their
magnitude and importance (Leopold et al., 1971). The Matrix
method has been developed and modified in a number of
different ways, for instance Baumgold and Enk (1972).
This method is perhaps the most appropriate approach
for the assessment of EIA. Although it has a number of
limitations, it may often provide helpful initial guidance
in designing further studies. The Leopold matrix has been
criticised by several authors and organizations, for
example, Andrews, 1973; Environment Canada, 1974; Munn,
1979. They have pointed out that the Leopold matrix does
not preserve the principle of mutual exclusion and there
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is substantial possibility for double counting which is a
shortcoming of the Leopold matrix in particular rather than
of matrices in general.
This approach can accommodate both quantitative and
qualitative data but it does not provide a means for
discrimination between them. The time variable does not
find consideration in this approach i.e. the matrix does
not distinguish between immediate and long-term impacts nor
between temporary and permanent or definite and indefinite
ones.
The magnitudes of the predictions are not related
explicitly to with-action and without-action future states.
Objectivity is not a strong feature of the Leopold matrix
and users are free to develop their own ranking system on
a numerical scale ranging from 1 to 10, which is a
subj ective approach.
d. Overlaya
Overlays were developed in project planning. McHarg
(1968) was one of the first to use them in impact
assessment. In this method, a series of overlaid map
transparencies can be used to help identify, predict and
communicate the intensity and geographical extent of
impacts. This method relies on a set of 	 ecological,
physical,	 aesthetic	 and	 social	 environmental
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characteristics for a project area. A study area is divided
into appropriate spatial units and information on a number
of attributes, such as environmental factors and human
activities, is collected. Each map is prepared using a
variety of colours to portray different conditions,
qualities and values. The quality of each attribute is
indicated by the depth of colour used, with the highest
quality illustrated by the lightest colour. Overlays have
been used exclusively for route selection (McHarg, 1968).
Computers can be used not only to store comprehensive data
on a local area, but also to provide composite maps
incorporating a large number of characteristics of the
proposed developments and the surrounding area (McHarg,
1968). This method is suitable for showing the spatial
dimension of impacts but is less successful in dealing with
other impact features such as probability and time and
reversibility.
e. Networks
The first network was developed by Sorensen (1971) to
help planners reconcile conflicting land-uses in the
Californian Coastal Zone. These methods work from a list
of project activities to find case-condition-effect
networks. These methodologies are based on known linkages
within systems. Thus, actions associated with a project can
195
be related to direct and indirect impacts. These methods
attempt to identify second and higher order impacts (Clark
et al., 1978). The Sorensen network is an example of this
method. Figure 5.8.2 illustrates a section of the network
which deals only with impacts on water quality. Water is
one of the six environmental factors, the others being
climate, geophysical conditions, biota, access conditions
and aesthetics. Networks are helpful for showing impacts
which may arise from a project. This approach cannot
identify all those which may happen (Warner and Preston,
1974; Bisset, 1987).
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f. Environmental evaluation system
Certain methods attempt to quantify all impacts so
that total scores for a number of alternatives can be
derived, for example, the Environmental Evaluation System
(EES) (Dee et al., 1973). These methods are based on a
list of factors thought to be relevant to a particular
proposal and which are differentially weighted for
importance. This method is based on a checklist of 78
environmental and socio-economic parameters. One thousand
weighting units are distributed amongst these parameters
by experts, for instance, existing levels of dissolved
oxygen are norinalised on a common scale of environmental
quality (0-i) using value factions (Dee et al., 1973).
g. Models
Simulation models have been used to predict the
effects of changes in environmental systems. The
construction of a model involves the identification of the
scope of the problem by a multidisciplinary group of
scientists, planners and systems analysts. Existing
information resources and additional data requirements are
then assessed. There are few examples of models which have
been utilized in the assessment of the wide variety of
impacts resulting from most major projects (Clark et al.,
1978). Bisset (1987) reported that Simulation modelling is
based on the study of Hailing and his colleagues at the
Institute of Animal Resource Ecology at the University of
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British Colwnbia, Canada (Bisset, 1987). Models can range
from simple linear extrapolation to complicated energy
system diagrams
V
k. PADC Method
This approach was prepared by the Project Appraisal
for Development Control (PADC) research group at Aberdeen
University (Clark et al., 1976 and 1981 ). This method was
produced in an attempt to resolve two problems encountered
by UK Planners assessing proposals, namely, those of
obtaining sufficient detailed information from prospective
developers and the lack of systematic procedures for the
appraisal of proposals. The PADC method comprises three
activities, collecting of information, identification of
likely impacts and appraisal of these impacts. Figure 5.8.3
illustrates linked activities in the PADC approach.
This method relies upon checklists and matrices.
5.8.1 The criteria for a coxnrehensive EIA
Several methods have been produced and developed for
the presentation of environmental impact results to
decision-makers and the general public. According to Atkins
(1984) a review of environmental literature identified the
following criteria which different writers claim are needed
for a complete EIA (Warner and Bromley 1974; Munn, 1975;
Catlow and Thiriwell, 1977; Clark et al., 1978.)
Initial
site
inspection
Initial discussions
with developer
Submission of application
and project specification
report
Consideration
of
existing
planning
policies
199
Figure 5.8.3 Linked activities in the PADC Methed
Initial considerations
Assessment of likely impacts
Consultations
Litilisation
of
technical
advice
notes
Construction of impact matrix
Study of existing situation
and appraisal of. likely impacts
Production of impact statement
Final issues report
Planning authority deasion
Submission of final issues report
and recommendation to committee
Decision by planning authority
Source: Clark et al., 1978
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a. An approach should be flexible to accommodate various
objectives of decision-makers;
b. A method should be screened to identify projects likely
to cause significant impacts;
c. A method should be a comparison of alternatives;
d. An approach should produce identification of
environmental factors likely to be affected in specified
geographical areas.
e. A technique should identify the interaction between
impacts including induced impacts, synergetic,
potentiating arid dampening interactions;
f. A method should identify both positive and negative
effects;
g. An approach should forecast the degree and tixnescale of
the abrogation of the impacts and the commitment of
natural resources;
h. A technique should evaluate impacts in terms of
magnitude and significance;
i. A method should identify hazard and risks;
j. A technique should recognise the uncertainties inherent
in the information base and the predictive accuracy;
k. A method should provide consideration of the validity
of the results obtained.
1. An approach should identify the monitoring required
during implementation and operational phases of the
project;
m. A technique should provide separate assessments for
various timescales such as the construction, operation
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and post-operation periods;
n. A method should provide efficient communication of these
findings and the use of time, money, data and personnel
(Atkins, 1984).
In any development project assessment, a suitable
decision-making tool is necessary for judging the
environmental viability of the proposed project, along with
economic and engineering feasibilities. For this purpose,
many EIA methodologies have developed various decision-
making aids, which are classified by Prasartseree (1982)
under six factors, namely, impact magnitude; impact
prevalence; impact duration and frequency; impact risk;
impact importance and impact mitigation. The Author has
modified that classification to give the six methods shows
in figure 5.8.4.
Figure 5.8.4 Comparison of six EIA methods
Factors	 Simple Overlay Network Leopold Models PADC
____________ checklists	 Matrix
Magnitude	 -	 +	 +	 +	 +	 ^
Prevalence	 +	 +	 +	 +	 +	 +
Risk	 -	 -	 -	 +	 +	 +
Importance	 -	 +	 +	 +	 +	 -
Mitigation	 -	 -	 +	 -	 -	 +
Flexibility	 -	 -	 -	 +	 +	 +
+ Satisfies criterion
- Does not satisfy
Source: After Prasartseree, 1982.
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All methods of Environmental Impact Assessment have
strengths and weaknesses. It is suggested, however, that
the availability of a wide range of methods is a healthy
situation in that there is a plentiful opportunity for
researchers or planners to select an approach which is best
suited to their needs.
5.9 EIA in the Islamic Republic of Iran
There is no statutory requirement for any specific
form of environmental impact assessment in the Islamic
Republic of Iran. But in June 1974, the Iranian Parliament
legislated for Environmental Protection, and passed the
National Clean Air Regulation in July 1975 an appendix to
the Environmental Protection and Enhancement Act. These
regulations described the duty of the Department of the
Environment in the task of controlling and mitigating air
pollution.
The legislation of 1974 established the Environmental
High Council of Iran and created the Department of the
Environment, which organization was connected to the Office
of the Prime Minister. In 1990 this organization was
directly attached to the Office of the President of Iran.
CHAPTER SIX
A CRITIQUE OF THE ENVIRONMENTAL IMPACT ASSESSMENTS DOCUMENT
SUBMITTED BY ENVIRONMENTAL TECHNOLOGY CONSULTANTS LTD.
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6.1 introduction
The proposed hospital incinerator at Hammond Road,
Kirkby industrial estate, Knowsley, Merseyside has raised
a considerable controversy in the recent past. In 1989 an
EIA of this proposed solid waste treatment plant was
conducted by M/S Environmental Technology Consultants Ltd
(ETC) on behalf of M/S Waste Management Ltd., who expect
to install the proposed incinerator. Consequently, in
December 1989 MIS ETC submitted a comprehensive document
entitled AN ENVIRONMENTAL IMPACT ASSESSMENT ON BEHALF OF
WASTE MANAGEMENT LIMITED FOR THE CONSTRUCTION AND OPERATION
OF A HOSPITAL INCINERATOR AT HAIVIMOND ROAD, KIRKBY
INDUSTRIAL ESTATE, KNOWSLEY, MERSEYSIDE. Though it has
been claimed that the document provides a complete EIA of
the proposed incinerator, it suffers from some serious
shortcomings. Consequently, although the document may help
MIS Waste Management Ltd in obtaining a clearance from the
authorities, it is also bound to attract criticism. A close
scrutiny of the report indicates that certain issues have
been ignored, some points have been partially covered while
still others have been incorrectly interpreted.
The first step of installing a hospital incinerator
is planning so that forecasts can be made and steps taken
to prevent potential health and safety hazards. As it is
proposed to site the incinerator on a industrial estate
care must be taken to minimize the risk to nearby factory
workers.
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Planning should be organized into three phases;
developing an organizational structure for site operations,
instituting a work plan that considers each specific stage
and a health and safety plan.
6.2 Siting of incinerator
The correct location and siting in the form of a grid
reference is an essential prerequisite to any EIA study,
otherwise interested members of the public and those
concerned will not know the exact location. Unfortunately,
the ETC has probably failed to recognise the significance
of reporting the exactness of location. It would have been
better if the incinerator location map had clearly shown
the neighbouring residential areas, factories and farmland.
6.3 Environmental and social impact effects on people,
facilities and industries in the vicinity of the
incinerator
Fundamental information about the environment (natural
and social) of an area and the details of the proposed
development in that area along with its effect on the
environment, are essential to conducting a proper EIA.
However, the document in question ignores these aspects.
In fact the environmental and social impacts should be
considered at every stage.
6.4 Locations at risk from accident fumes
The surrounding area within a two kilometre radius is
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at risk. However, the report in question does not identify
the following important locations which are likely to be
affected by the fumes of an accident (which cannot be ruled
out) :
6.4.1 The Neighbouring Industrial Estate
The workers as well as the industrial processes may be
adversely effected by the continuous emissions from the
incinerator.
6.4.2 Playing Fields in South . South-East, South-West and
Sports Grounds in North-West.
These places were created to improve the health and
physique of the people living in this area. However, the
exposure to incinerator emissions during play may cause
serious health problems pertaining to respiratory and
circulatory systems. The already existing industrial
emissions are likely to be aggravated by the incinerator
emissions.
6.4.3 The Farms and Plantations
Coddick's Farm and Top House Farm in the East, Moss
Lane Farm in the West and Ashcroft's Plantation in the
North, though not mentioned in the report, may suffer
crop damage from the stack emission from the incinerator.
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6.5 Consultation
It is regrettable that the important issue of health
and safety of workers at the incinerator has been
altogether neglected. Though the ETC has consulted a number
of agencies during the process, for reasons unknown,
neither the people of neighbouring areas were consulted nor
the health aspects of other incinerator workers was taken
into account. Such an attempt could have helped in
promoting a correct understanding among the people living
in Kirkby.
6.6 Non adaption of a matrix
Though the failure to adopt a matrix approach on the
part of ETC cannot be criticised, according to the
guidelines for Environmental Assessment issued by the DOE,
the adoption of a matrix would have ensured the
identification of impacts in a more systematic manner.
6.7 Baseline measurements
As part of the ETC document, in Sept. and Nov. 1989,
ETC along with other authorised consultants initiated some
baseline monitoring prograimnes including noise level and
ambient air quality. Although they form part of a
comprehensive evaluation of the existing environmental
data, certain other factors such as temperature and
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direction of wind have not been taken into consideration;
they effect the emissions and their fallout.
6.8 Siting of this incinerator	 '
As Waste Management Ltd. proposed to build the
hospital incinerator on their existing site on the
industrial estate ETC. suggest it is rio more dangerous a
risk than an industrial incinerator. ETC has used the
excuse that the proposed incinerator is going to be
installed in an industrial area. This is not valid as
incineration is neither an industry nor can it be granted
immunity from the existing rules and regulations for
pollution control. More so the siting of an incinerator in
the industrial area is likely to effect the health of the
working population in the industries of that area.
6.9 Distance between bosDital incinerator and human
settlements
According to international practice, the distance from
the site of a development to the nearest human settlements
along with its population should be considered. Such a
practice helps in planning emergency rescue operations.
This was ignored by the report.
6.10 Mitiaation of undesirable effects
Under the title "Mitigation of undesirable effects",
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the Consultants have suggested remedial measures to curb
the adverse effect of atmospheric emission. The use of a
wet gas scrubbing system may be agreed to but the re-use
of scrubber water after treatment needs elaboration.
However, the treatment technology (which is likely to add
to the cost of de-polluting the emissions) has not been
explained.
6.11 Communication of the findings
ETC Ltd. compiled the findings of the study and
communicated it as an environmental impact statement (EIS).
This document may serve the purpose of satisfying the
authorities but fails to offer any possibility of a
dialogue with the local people. Consequently , there seems
to be no possibility that the document in question will be
able to help in winning public confidence and support.
6.12 austification of choice of location
The document fails to justify the selection of the
Hammond Road site. It merely states that this is being
undertaken at a location which is most conveniently
connected by road and falls in an industrial area. The
insufficient data in terms of the proposed site's future
development, visual intrusion, pollution effects and solid
waste disposal barely satisfies the ETC's site selection
criteria.
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6.13 The roosed development and its overall implication
In Section 2 of the report, the justification for a
hospital waste incinerator has been explained in a lucid
manner but it would have been desirable if the
classification of hospital waste on the basis of its origin
could have been given. Such information would help in
understanding the principle behind hospital waste
incineration. Table 6.13.1 gives an idea about the
feasibility of this method in waste disposal.
6.14 CauseB and Control of ol1ution
M/S Waste Management Ltd. regards atmospheric emission
as the single most important factor likely to cause
pollution. Therefore, besides a gas control system, they
propose to incorporate a wet gas scrubber to control
atmospheric emission. However, the Consultant ETC Ltd, has
preferred to follow the Gaussian Plume Model, contrary to
the Industrial Source Complex CISC) Model recommended by
the United States Environmental Protection Agency (EPA,
1987). The proposed incinerator offered an opportunity to
use the ISC model, but for reasons not stated - ETC Ltd
preferred the former.
JCAH
I/s
L
L
I
L
CDC
I/S
I/s
I/S
I
N
EPA
S
I/s
I/S
A/C / I
I/s
	
I/s
I/s
I/S
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TABLE 6.13.1 : Optimal clinical waste disposal methods
recommended by various agencies.
'pe or origin of
the waste
a. Microbiological
b. Blood & Derivative,
c. Isolation of Infective
Diseases
d. Anatomical Parts
e. Excretion and
Secretion
f. Contaminated Waste
g. Surgery Parts
(dirty cases)
h. Dialysis Units
(Source: Amadio and Carlo, 1990)
Key:
A - Sterilisation with Incineration and Autoclave
C - Cremation	 L - Landfill
I - Incineration
N - Excluded
S - Sterilisation in Autoclave
CDC - Centre for Control of Infectious Diseases, USA.
JCAH - Joint Commission for Hospital Problems, USA.
EPA - Environmental Protection Agency, USA.
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6.15 Estimation of pollutant concentration
The pollutant concentration at different distances and
in all possible directions from the source has been
calculated by using dispersion estimates. These values
could have been used in plotting isopleths for different
pollutants in the area, but for reasons best known to the
consultants, it has not been attempted.
6.16 Monitoring Programme
The report contains scanty information about the
monitoring programme. This is important for pollution free
operation of the proposed incinerator.
6.17 Noise Levels
The report suggests that there would be no increase
in noise level due to the installation of a incinerator.
This is erroneous. Firstly, because the noise level was
measured only for a small period and secondly, the
increased road traffic due to constant transportation of
waste is bound to increase the ambient noise level. The
noise level will also require constant monitoring. The
consultants have estimated the noise level at different
points as follows:-
213
Point	 Noise level
Outside Incinerator Building	 55 dBA
Vicinity	 71 dBA
At Proposed Site	 62 dBA
Other noise producing industrial operations in the proposed
area coupled with increased vehicular traffic are likely
to add to the noise to be produced from the operating
incinerator.
6.18 The effects on flora and fauna
Although the effect on flora and fauna are the most
significant aspect of an EIA study, it lacks details, for
example: -
a. ... Brown birches and moss plantations, both of which
are much further from the proposed development.
b. ... two sites identified, Knowsley Park and the
reservoir near Eccleston are much further away and will not
be affected at all.
c. A statement such as .. .there will be no impact on
livestock u
 needs further scientific evidence. The noise
level data as mentioned above will create a situation where
birds might be scared away from the proposed site , thus
causing an ecological imbalance.
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6.19 The economics of the rroiosed incinerator
Looking to the economics of the proposed incinerator,
ETC Ltd. advocates that the retrofitting of existing
incinerators would be costly, therefore, this centralised
incineration facility would cost less . However, the said
statement has no supporting calculations.
6.20 Provision of Employment
It has been argued that the installation of the
proposed hospital waste incinerator will provide employment
to 12 persons during the construction phase and to 25
during operation. Lack of a commitment on the part of WNL,
indicates there will be few job opportunities for local
workers.
Lastly, and most significantly is the failure of MIS
Environmental Technology Consultants Ltd. in consulting and
convincing the people of Kirkby in particular and of
Merseyside in general that the place is not being converted
into the uwaste dumping ground of the county.
CHAPTER SEVEN
CASE STUDY 1 KXRKBY, UK
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7.1 Introduction
This chapter presents the findings of a survey
carried out in Kirkby in September 1990. The aim of the
survey was to obtain and understand the perceptions and
concerns of local people in relation to installing a
hospital waste incinerator in Kirkby. This information was
intended to help the author to assess the environmental
impacts of installing a hospital incinerator in Kirkby.
This chapter is divided into two main sections. The
first discussed the background and health of Icnowsley and
the second presents the results of a survey and discuses
them.
7.2 Background and health
7.2.1 General information about Kirkby
a. Location
Kirkby is an inland town, situated about eleven
kilometres North East of Liverpool Pier Head. Kirkby is
bounded by the parishes of Sefton, St. Helens; the
Metropolitan District of Liverpool; the County of
Lancashire Knowsley Metropolitan District. The total area
is sixty square kilometres (Information Centre, 1990). The
location and boundaries of Kirkby city are presented in
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Figures 7.1.1 and 7.1.2 (Maps 1 and 2).
b. History
Kirkby was established before Liverpool had an
independent existence and was mentioned, as an existing
township, in the Doomsday book (Grant, 1971). In Dugdule's
Monasticon there are nineteen different places with the
name of Kirkby yet the subject of the present study is not
included (Moore, 1972). The name Kirkby is a word of Danish
or Scandinavians origin, from • Kirkja church, and "by a
fixed residence (Grant, 1971).
During the Second World War (1939 - 1945) the UK
Government established a large Royal Ordnance Factory and
purchased 750 acres of land in the eastern part of the
area. The town was already linked to the national railway
system, and more recently to the Motorway network by the
M57. Kirkby Station is 5 miles from Liverpool. Kirkby was
constituted an Urban District Council on April first 1958.
Till 1922 the Parish of Kirkby was in West Lancashire
which today consists of 20 districts (Moore, 1972). In
1941, the Royal Ordnance Factory was completed and by 1942
had increased its labour force to 20,000 with workers
coming in from Southport, Wigan, Birkenhead, St. Helens and
Liverpool (Moore, 1972). On 1st of April, 1974, Kirkby
ceased to be an urban district of Lancashire County and
became united with Hyton, Prescot, Knowsley, Whiston,
(4
218
Figure: 7.1.1 Location map
Source: Information Center, 1990
C
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•. /Southport	 Knowsley in its regional setting
Map 2
Figure: 7.1.2
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Cronton, Tarbock and Halewood to form the Metropolitan
Borough of Knowsley in the new Metropolitan County of
Merseyside (Merseyside Police, 1978).
c. Population
In 1801 the population of Kirkby was 833 but by 1987,
the population of the Knowsley Borough had grown to
161,400, almost 200 times more, with the fastest growth
occurring between 1951 and 1961. The variation in
population of Kirkby between 1801 and 1851 was as shown in
Table 7.2.1 It can be seen that during the first part of
the Nineteenth century growth was slow.
Table 7.2.1 Kirkby population 1801-1851
Year	 Population	 Population	 Total
of males	 of females
1801	 422	 411	 833
1811	 474	 438	 912
1821	 518	 517	 1035
1831	 607	 583	 1190
1841	 741	 735	 1476
1851	 773	 687	 1460
Source: Moore, 1972
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The population of the Kirkby area increased steadily from
1951 to 1971 and is given in table 7.2.2 This Table
indicates that until 1951 growth remained slow. Rapid
growth	 occurring,.zhen it become the centre of a new
ovl,
town taking people from central Liverpool.
Table 7.2.2 Kirkby population 1951-1971
Year	 Population
1951	 3210
1961	 52139
1971	 59918
Source Moore, 1972
Table 7.2.3 shows the distribution of the population (males
and females) by age in 1987.
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Table 7.2.3 Kirkby population distribution by age in 1987
Population
0- 4
5 - 14
15 - 24
25 - 34
35 - 44
45 - 54
55 - 64
65 - 74
75 - 84
85 +
Males
290
549
607
574
345
279
473
267
74
7
Feinal es
281
504
602
579
348
311
543
305
111
27
Total
571
1053
1209
1153
693
590
1016
572
185
34
Total	 3465	 3611	 7076
Source: Information Centre, 1990
It is significant that 50 % of the population in 1971
was under the age of 22 years (1971 Census). From 1950 to
1970, the trends show that, there was an increase in the
total population as well as in the economically active
population, however, after 1981 there was a decrease in
population (Figures 7.2.1 and 7.2.2).
223
7.2.2 Industries in the irkby area
Most industry is concentrated in the Knowsley
industrial estate which is situated to the East of the M57
motorway and South of the East Lancashire road. During 1941
the Royal Ordnance Factory was completed and it is the
nucleus of the present industrial estate. There are 421
companies on the estate.
A characteristic feature of Knowsley industrial estate
is the manufacture of a great diversity of products. Table
7 3.1 shows briefly a list of these products. For a
complete list of companies in Knowsley Borough see Jafari
Mosavi, 1991.
ThousaTO
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Knowsley' s Population
1961-1981
Thousands No. of Rsaldsnts
10
8
S
4
2
0
0 10 20 80 40 80 80 10 80 80
A. hi bare
— 'bar18S1 ---'lbar10T1	
-uIlbarlOell
FlgumT.L1 Source: C.E.S. LimIted 1 1982
Total Population and Economical
Knowsley
01	 ,
I1	 1051	 1071	 1081
Year.
-. Population -+-- Eoonomloally Aotus
m.ur.:19.urce: O.E.S. LImited, 1982.
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Table 7.3.1 Manufacturing activities in Knowsley Industrial
Estate
* Engineering	 * Chemical manufacture
* Wood and manufacture 	 * Frozen Food
* Clothing	 * Electrical Cable
* Cocrete Utilities
	 manufacture
* Paint research	 * Domestic Appliances
* Electrical appliances	 * Car Components
* Electric Locomotives	 * Trailers
* Export Packing
* Box manufacture
* Furniture
* Bedding
* Upholstery
* Latex
* Motor Engineering
* Lift manufacture
* Food manufacture
* Steel tube Fabrication
* Cardboard and paper containers
* Soaps and disinfectants
* Printing machinery
* Roofing Felts
* Plastics
* Petrol Pumps
* Bottling
* Photographic chemicals
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7.2,3 Em1oyment
In 1953, there were 7,500 people employed by 130 firms
on the estate and by 1958 the employment had increased to
12,000. The 1981 census showed that there were 44% of
employed Knowsley residents working in Knowsley, 36% in
Liverpool, 3.4% working in St. Helens and 3.2 % in Sefton.
It is interesting to note, that 4% of Sefton residents work
in Knowsley and 9.4% of St. Helens residents work in
Knowsley.
In 1987, Knowsley employed 9,336 full-time employees.
Two years later it had reduced the total workforce by 5%
to 8,893. The 1988 Chartered Institute of Public Finance
and Accountancy (CIPFA) figures show that the average
number of full-time employees per 1,000 population in
metropolitan authorities is 32.93. Knowsley employs 37.75
placing it at 28 in a league table of 36. The metropolitan
district average for part-time employees is 22.07. Knowsley
employs 21.62 which makes it 15 on the league table
(Parkinson, 1990).
31,467 (11.8) 114,368 (16.8)
16,742 (6.3)	 44,240 (6.5)
15,383,800 (100) 32,127,800
(100)
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Table 7.4.1 Employment in manufacturing in Knowsley,
Merseyside and Great Britain
Knowsley	Males	 Females	 Total
Resident labour force
(16 - retirement) 49,586 (100) 	 31,436 (100)
	
81,022 (100)
Unemployed (seeking
work and temporary 13,615 (27.5)
sick)
Youths (16-24)
unemployed	 5,074 (10.2)
Mers evs ide
Resident labour force
(16 - retirement)	 414,989 (100)
Unemployed (seeking
work and temporary 82,901 (20)
sick)
Youths (16-24)
unemployed	 27,498 (6.6)
Great Britain
Resident labour force
(16-retirement) 16,744,000 (100)
5,045 (16.1)	 18,660 (23.0)
3,110 (9.9)
	
8,184 (10.1)
266,064 (100) 681,053 (100)
Unemployed (seeking work
and temporary sick)
	
1,761,270 (10.5) 722,166 (4.7) 2,483,436
(7.7)
source: 1981 Census
In 1981 there were 81,022 resident workers (Aged 16-
retirement), 18,660 unemployed and 8,184 youths (16-24)
unemployed in the Knowsley Metropolitan Borough. Table
7.4.2 shows the main details of economic activity in
Knowsley area. Kirkby's economic base has been created over
the last six decades from four main sources. First ,and
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most important, it is the arrival of large manufacturing
plants drawn to Merseyside. A second group of newcomers
were much smaller branch plants in ware housing, transport,
storage, sales, distribution and retailing. Thirdly, there
has been a continuous flow of branches and independent
finns from the Liverpool-Bootle Dock area. Fourth, there
have been a small number of firms setting up in Kirkby.
Table 7.4.2 Economic activity in Knowsley
Employed
Residents aged 16 or
over in employment
- Employees working
part - time
- Self - employed
Employment profile
36,459	 27,385	 63,844
	
634	 10,768	 11,402
	
2,762	 419	 3,181
Proportion of population in
employment working in following
socio-economic groupings:
- Professional and Management
(SEG 1- 4, 13) AB
- Intermediate and junior non-
manual (SEG 5.1, 5.2, 6) Cl
- Skilled manual (SEG 8, 9, 14) C2
- Semi/ unskilled and other
(SEG 7, 10, 11, 15, 16) DE
- Armed Forces (SEG 16)
8.2
29.4
24.6
37.6
0.2
Proportion of population in employment
working in following industries
- Agriculture, energy and water	 1.7
- Manufacturing 	 35.6
- Constructing	 6.9
- Distribution and catering 	 15.5
- Transport	 7.5
- Other services	 31.8
source: 1981 Census
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The level of unemployment and vacancies is an
important indicator of the health of an area's econow and
provides an indication of the variation in the demand for
and supply of labour in different areas. Table 7.4.3 shows
the proportion of the economically active population with
degrees and professional and vocational qualifications in
Knowsley, Merseyside and Great Britain. Knowsley has a
substantial set of economic and social problems which are
typically associated with low attainment and poor
performance in school (Parkinson, 1990).
Table 7.4.3 Proportion of economically active population
with degrees, professional and vocational qualifications.
Knowsley	 4.4 %
Princess Ward, Huyton	 0.9 % *
Merseyside	 9.8 %
Great Britain: Males 	 13.2 %
Females	 12.2 %
* lowest of all Knowsley Wards.
Source: 1981 Census.
Table 7.4.4 illustrates the proportion of the
population employed in manufacturing in Knowsley and a
comparison between Knowsley, Merseyside and Great Britain.
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Table 7.4.4 Proportion of population employed in
manufacturing
Knoweley	 35.6 %
Merseyside	 27.2 %
Great Britain	 27.2 %
Cherryfield Ward, Kirkby : 47.6 % - highest of all
Knows ley Wards
Source: 1981 Census.
7.2.4 Air pollution
There have been many definitions of air pollution but
it is widely agreed that it is the introduction of
dangerous or unwanted materials into the atmosphere. It is
general agreement on to which are hazardous to health. It
is, however, difficult to define what is objectionable
since what is noticeable to some is unnoticed by others.
It is also clear that most of Man's activities emit solids
and gases into what is otherwise a fairly stable
atmosphere.
The third annual report on the condition of the
atmosphere in Mersyside concentrates on the condition of
the atmosphere to be considered by the public protection
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committee. In general the levels of smoke recorded at
National Survey Sites in Merseyside have continued to
decline.
The average level recorded in Merseyside is now
significantly lower than the World Health Organisation's
recommended long-term goal and is no longer significantly
higher than the UK average. The areas worst affected
continue be the older centres of population but even here
the situation is improving.
Merseyside still remains one of the most polluted
areas in the U.K. and the average level of sulphur dioxide
recorded is still well above the World Health Organization
level. The levels of sulphur dioxide recorded in the urban
areas of the County continue to decline, although the rate
of improvement has also slowed in recent years. The
measurement of sulphur dioxide at physical monitoring
stations indicates a sustained improvement in atmospheric
quality at these sites.
7.2.5 Public health in nowsley
a. Introduction
A comprehensive study of health conditions requires
knowledge not only of death rates and life expectancy rates
for all age groups, but also of the distribution, by cause,
232
of mortality and morbidity. The 'Winds of change'
literature which was presented to the Housing Committee in
1988 reported that the residents of Knowsley Borough have
a rate of precipitate death some 15% above the national
average; a rate which is amongst the highest in the U.K.
The Report declared that between 1975 and 1984, of the 5125
deaths from all causes in that period, 1074 (20.1%) died
precipitately from just two preventable causes; heart
disease and cancer. In Knowsley, most preventable deaths
(25%) are caused by lung cancer. This level of lung cancer
deaths creates the unusual situation in Knowsley whereby
women are more likely to die from lung cancer than of
breast cancer. The traditional causes of diseases of the
lungs, air pollution and working in mines, have made very
little overall contribution to the death rates in Knowsley.
A major factor associated with lung cancer is cigarette
smoking. Heart disease causes 50% of preventable deaths in
Knowsley. For women aged 2 5-44 the risk is double the
national rate. Men aged 35-44 have death rates 56 % above
the national rate. The recent public health reports of the
District Health Authority emphasize that life expectancy
for those who live in Knowsley is significantly less than
that for the rest of the UK (Health Knowsley, 1991. by the
year 2000). The specification of the reports which compare
present health levels of residents in Knowsley with
national death and sickness rates, is summarised in figure
7.6.1
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In order to compare the mortality rates between
communities, it is not enough to compare raw death rates
only; the sex and age structure of the different
communities must be taken into account. A standardised
mortality Ratio (SMR) can be considered as a percentage.
Therefore, 100 is always taken as the national average;
figures over this are higher than national levels; less
than 100 are below national levels. Table 7.6.1 shows the
average standardised mortality ratio from 1983- 1985 for
Knowsley and Mersey region.
Table 7.6.1 Standardised Mortality Ratios (All causes)
Year	 1981	 1982	 1983	 1984	 1985	 1986
Area
Knowsley	 105	 126	 118	 114	 113	 107
Mersey	 103	 107	 109	 110	 111	 111
Nation Average 100 	 100	 100	 100	 100	 100
Source: ST Helens & Knowsley Health Authority, 1988.
Figure 7.6.2 and 7.6.3 (Graph) compares the mortality
experience of Knowsley with the National average.
000000000
. 1	 - 1-
a,
0,
a,
a,
C)
a,
a,
a,
0,
a,
I-
a,
a,
I
a,
a,
a,
a,
a,
0
0,
C
-j
Li.
a,
U
C
a,
C)
0,
C
-J
0)
0)
0
0
0
(j
ci)
>
ci)
-c
>
0
ci)
CO
0
c
-c
ci)
I
U)
0
0
(I)
Dl
ID
0
II.
a,
a,
a,
a,
a,
0
C
.2
a,
I
I
I
235
G)
0.
E
0
#
Wa,
-C.2
a)
a
(0I
0
>I.-
a,
Cl)
0C
20
110
236
Standardised Mortality
All Causes
Standard Mortality Ratios
30i
-;
100
	 I
90
1981 1982 1983 1984 1985 1986 1987
year
mortality
England & Wales
	
+— Knoweley M.B.C.
* Mersey R.H.A..
Source: St. Helen a & Knoweley Health AuthorIty, 1988
figure 7.6.3
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The standardised mortality ratio (SMR) for Knowsley
includes deaths within long-stay institutions in the
borough. Table 7.6.2 shows SMR's for deaths from all causes
and at all age levels, for wards in Knowsley between 1983
and 1985.
Table 7.6.2 SNRs for deaths from all causes for wards in
Knows ley
Wards	 SIv!R's
Whiston	 142
St Gabriel's	 128
Halewood South	 125
Kirkby Central	 125
Long view	 122
Cherryfield	 122
Northfield	 117
Park	 117
Whitefield	 114
Prescot East	 111
Princess	 108
Roby	 108
Prescot West	 106
Halewood west	 106
St Michael's	 105
Whiston South	 101
Tower Hill	 101
Page Moss	 98
Knowsley Park	 96
Swanside	 92
Cantril Farm	 87
Halewood East	 83
Source: St. Helens & Knowsley Health Authority, 1988.
b. Birth and Infancy:
i. Perinatal Mortality
Perinatal mortality rates have fallen for the United
Kingdom although they have lagged behind those in many
other countries, particulary Japan and Scandinavian
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countries. The rate for England and Wales has declined
gradually from 17.7 per 1,000 births in 1976 to 9.6 in
1986. The Mersey Region has also followed the same trend
and the rate has declined from 19 per 1,000 births in 1976
to 10.2 in 1986. Knowsley had a higher perinatal rate in
1976 (22 per 1000 births) but this fell to 10.2 in 1986.
ii. Infant mortality
It is unexpected that Knowsley has generally a Inf ant
Mortality Rate lower than England and Wales and the
Regional Health authority. The infant mortality for
Knowsley Metropolitan Borough for the years between 1984
and 1986 shows 47 deaths. There is no real difference in
perinatal mortality rate between England and Wales and
Knows1eybut the rate of decline in perinatal mortality in
Knowsley has been faster than in England and Wales.
c. Malor Causes of death
An investigation of mortality figures for 1982 to l9B6
obtained from death records, clearly shows the major causes
of death in this borough. These are diseases of the
circulatory system, respiratory diseases and neoplasms, and
are shown in detail at Table 7.6.3.
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Table 7.6.3
Major causes of death - Knowsley Metropolitan Borough,
1982-1986
Disease	 Total No in Average Percent
5 Years
1. Diseases of
Circulatory system
2. Neoplasm
3. Diseases of
Respiratory system
4. Injury and Poisoning
5. Diseases of
Digestive system
	
3620	 724	 45
	
2125	 425	 26
	
1167	 233.4	 14
	
258	 51.6	 3
	
249	 49.8	 3
6. Diseases of
Genito-urinary system 	 112	 22.4
Source: St. Helens & Knowsley Health Authority, 1988.
d. Causes of death by ae
A breakdown of the mortality data for this borough by
specific disease and age group, up to the age of 70 years
(with the assumption that many of the deaths up to 70 years
of age are preventable) was carried out. The following
information was obtained. Major causes of death in Knowsley
for age groups (1-14), (15-34), (35-54) and (55-69) are
shown in figures 7.6.4, 7.6.5, 7.6.6 and 7.6.7.
e. Causes of death by cTender
Information on all causes of death for 1982-1986 for
both sexes was obtained from the Office of Population
Censuses and Surveys (OPCS). The specific causes of death
'1 PoIsoning 38%
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Most Common Cause Of Death
Age Group - Knowsley 1982-1986
Infeotious DIseases 12%
Endocrine&Metabollc 9%
Neopasm 4%
Nervous System 4%	 Other 33%
Age Group 1-14
Figur. : 1.6.4
Most Common Causes Of Death
Age Group - Knowsley 1982-1986
Injury & poIsoning 34%
Ciro. System 11%	
':;
\•.
Nervous System 5%
Neoplasms
Other 33%
Source: St1Helens & Knowsley Health AuthoritY 1988
Age Group 15-34
Figurs 7.8.5
Injury & Poisoning
3%
Other
15%
n.iti tatory System
6%
NeopIa
36%
Neopiasm 35%
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Most Common Causes Of Death
Age Group - Knowsley 1982-1986
Ciro. Disease
40%
Age Group 35-54
Figure: 7.1.6
Most Common Causes Of Death
Age Group - Knowsley 1982-1986
Ciro. System 47%
Other 8%
spiratory System 10%
Age Grop 55-69
Source: St. Helens & Knowsley Health AuthorRy , 1988
Figur. : 7.6.7
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by gender were very similar as shown by Tables 7.6.4 and
7.6.5
Table 7.6.4
Most counon cause of death and age group
Knowsley Metropolitan Borough 1982-1986 *
Age	 Cause of death	 Percentage No of deaths Total
group	 in 5 years deaths
1-9	 Injury & Poisoning
Infectious
diseases
Endocrine and
metabolic
Other
10-14 Injury & Poisoning
Neoplasm
Nervous system
Other
15-24 Injury & Poisoning
Circ. system
Nervous system
Other
25-34 Neoplasms
Injury & Poisoning
Circ. system
Other
35-44 Circ. disease
Neoplasm
Injury & Poisoning
Other
45-54 Circ. diseases
Neoplasm
Respiratory system
Other
36
15
11
38
46
23
23
8
51
13
10.5
25.5
30.5
20
9
40.5
38
33
13
16
41
37
7
15
22
9
7
23
6
3
3
1
39
10
8
19
27
18
8
36
63
55
22
27
247
224
41
93
61
13
76
89
167
605
55-69 Circ. system	 47.5	 1213	 2556
Neoplasm	 35	 897
Respiratory system	 9.5	 242
Other	 8	 204
* The most common causes of death in each age group
(Diseases contributing less than 10% are not included)
St. Helens & Knowsley Health Authority, 1988.
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Table 7.6.5 Most coimton cause of death Knowsley
Metropolitan Borough 1982-1986
Diseases	 Males	 Females
Total No
	 Total No	 %
in 5 years	 in 5 years
Circulatory
disorders	 1,857	 45	 1763	 44
Neoplasm	 1,146	 28	 979	 25
Respiratory
disorders	 568	 14	 599	 14
Source: St. Helens & Knowsley Health Authority, 1988.
f. Conclusion
In Knows].ey Metropolitan District the total standard
mortality ratio's (SNR) from all causes were significantly
higher than the national average. Closer examination at the
ward levels clearly shows that six Knowsley wards have
statistically higher SMR5 than either the other district
or the national averages. Overall the number of people who
can expect to achieve a life span of at least 75 years in
Knowsley is much lower than the national level. The years
of life lost by people dying before this age can be
calculated to show an indication of the impact individual
diseases have. n estimated average number of years of life
lost per annum through premature death from certain
diseases is shown in Figure 7.6.8 For both men and women
the main causes of death in Knowsley over the last five
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Figure 7.6.8
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years are circulatory diseases, neoplasms and respiratory
diseases.
7.2.6	 Disease
a. Circulatory Disease
In advanced countries, circulatory diseases account
for approximately 50% of all death. The major contributing
disease in Knowsley is ischaemic heart disease, which
accounts for 60-70% of all circulatory deaths.
Cerebrovascular diseases contribute about 20% of all deaths
from circulatory diseases. International trends in this
disease show marked differences between countries. Table
7.7.1 shows thesedifferences in 1985.
Table 7.7.1 Standardised rates/100,000 for men & women aged
40-69 years
Northern Ireland 	 560
Scotland	 545
Finland	 530
Czechoslovakia	 475
Ireland	 460
England &Wales
	 430
New zealand	 400
Sweden	 330
USA	 320
Japan	 75
Source: St. Helens & Knowsley Health Authority, 1988.
There are marked regional variations in England and
Wales, the North generally has higher rates than the South
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East. See Table 7.7.2.
Table 7.7.2 Standardised mortality ratios for Coronary
heart disease for men and women in the standard UK regions
in 1986 (all ages)
	
Men	 Women
Gender
Area
North West	 117	 116
North	 116	 124
Wales	 111	 106
West Midlands	 103	 104
South West	 91	 88
South East
	 89	 87
Source: St. Helens & Knowsley Health Authority, 1988.
The mortality rates for men are highest for those over
65 years. The SMR's for ischaemic heart disease in Knowsley
were 115 for male and 119 for female, in 1975-1984. The SMR
for men in Knowsley has risen comparatively more. The SMR
for women in that area has also risen. If the national
death rate for the period 1975- 1984 is applied to the
population of Knowsley for comparison, the following are
the excess deaths experienced in the ten year period. See
table 7.7.3.
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Table 7.7.3 Excess death due to ischaemic heart disease
(IHD) in Knowsley 1975- 1984.
Sex	 Men	 Women	 Total
Age_________ _________ _________
	
33-44	 23	 11	 34
	
45-54	 93	 47	 140
	
55 - 64	 110	 87	 199
	
65 - 74	 113	 137	 250
Total	 339	 284	 623
..ource: St. Helents & Knowsley Healtti Autnority, 198
The age specific death rates for ischaemic heart
disease for Knowsley Metropolitan Borough at ward level in
1983-1985 are shown in table 7.7.4.
Table 7.7.4 Death due to ischaemic heart disease in wards
1982-1985 Knowsley Metropolitan Borough.
Wards	 SMR.
Kirkby central	 144
Whiston North
	
141
St Gabriel's	 140
Whitefield	 138
Prescot East	 137
Longview	 135
Cherryfield	 128
Northwood	 123
Prescot West	 123
St Michael's	 120
Halewood west
	
120
Tower Hill	 120
Halewood South
	
116
Park	 111
Knows].ey park 	 102
Princess	 97
Hallewood East 	 95
Swanside	 94
Cantril Farm	 90
Roby	 89
Whiston South	 85
Source: St. Helents & Knowsley Health Authority, 1988.
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The ward mortality pattern for ischaemic heart disease
is not clear cut. Statistical evidence suggests that the
six Knowsley wards have a high SMR which merits
investigation and particulary in the Kirkby Central and
Whitefield wards, where deaths in institutions are not a
factor.
b. Cancer
The second most common cause of death in Knowsley is
neoplasm. For men and women lung cancer makes the highest
contribution, lung cancer is the commonest cause of death
from neoplasm (22%) and for women breast cancer is second
(17%). Colonic cancer ranks third (6%-7%).
c. Lung cancer
In England and Wales, the lung cancer rate is 1.1
deaths/thousand males and 0.3/thousand females per year.
In Knowsley, it is the commonest cause of cancer death in
females, a much higher proportion than in England and
Wales. The major contributory factor in the causation of
lung cancer is smoking. Other causes include occupational
and environmental hazards, such as asbestos, radon, some
metals, including cadmium , and certain organic chemicals
such as polycyclic aromatic hydrocarbons, and atmospheric
pollution by fossil fuels. The SMRs for lung cancer in
Knowsley for males are 159 and females 95. The SNRs show
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no consistent change for males and females, being highest
in 1977 and 1982. By applying the national rates to the
Knowsley population, by age and sex groups, the excess
number of deaths in Knowsley can be estimated, see Table
7.7.5.
Table 7.7.5 Excess death due to lung cancer in Knowsley in
1975-1984
Gender Men	 Women	 Total
Age________ _________ __________
	
33-44	 9	 3	 12
	
45-54	 53	 33	 86
	
55 - 64	 129	 51	 180
	
65 - 74	 142	 31	 173
Total	 333	 119	 452
Source: St Helens & Knowsley Health Authority, 1988.
The SMRs in different age groups for men in Knowsley
are the highest in the group 45-54 years. In Knowsley
women, the SMRS for the age groups 45 - 54 and 55 - 64 are
extremely high, especially in the age group 45 - 54 where
it is more than twice the national level. Table 7.7.6 shows
lung cancer for wards in Knowsley.
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Table 7.7.6 S.M.R. for lung cancer 1983-1985 Knowsley
Wards
St Gabriel's
Longview
Halewood West
Northwood
Cherryfield
Princess
Prescot East
Tower Hill
Halewood South
Cantril Farm
Park
Roby
Kirkby Central
Whiston North
St Michael's
Knows ley Park
Prescot West
Whitefield
Swanside
Halewood East
Page Moss
Whiston South
S.M.R.
189
176
176
172
167
162
160
155
146
145
142
133
127
127
124
123
117
115
115
111
109
88
Source: St. Helens & Knowsley Health Authority, 1988.
Cancer of the stomach and colon are the second most common
causes of death from cancer in Knowsley. It is more coiranon
in men and in members of low socio-econoxnic groups, the
incidence increases with age. In Knowsley, in men and women
the majority of deaths from stomach cancer are in people
over 65 year of age. Investigation of the distribution of
stomach cancer in this and neighbouring boroughs has
revealed no obvious geographical distribution which would
match the known industrial hazards from chemicals involved
in the fertiliser industry.
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d. Resiiratorv disease
The third most common cause of death in Knowsley
Metropolitan District is respiratory disease. 80-90% of all
respiratory deaths are due to pneumonia and chronic
obstructive airways disease. In this Borough, the pattern
is slightly different. 60 - 65% of respiratory deaths in
males are due to chronic obstructive airways disease. The
SMRs between 1983 - 1985 at ward level are given in table
7.7.7.
Table 7.7.7 SMR for respiratory diseases 1983-1985 Knowsley
Wards	 SMR.
Halewood South	 258
Whiston North	 191
St Gabriel's	 175
Kirkby Central	 165
Roby	 162
Park	 157
Princess	 156
Halewood West
	 142
St Michael's	 126
Prescot East
	 126
Prescot West	 126
Knowsley Park	 124
Northwood	 127
Page Moss	 107
Tower Hill	 105
Longview	 102
Cherryfield	 98
Whitefield	 98
Cantril Farm	 96
Whiston South	 95
Swanside	 89
Halewood East	 64
Source: St. Helens & Knowsley Health Authority, 1988.
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In Knowsley over a quarter of wards have statistically
high SMR5. Kirkby central appears again in the top five
wards. Several wards in the southern and central part of
Knowsley have unexpectedly high SMR5 too.
7.3 Survey
7.3.1 Survey design
The most appropriate method for studying attitudes on
a large scale is the sample survey, therefore, this study
consisted of obtaining information by this method. There
are different ways of gathering data on people's attitudes;
observation, interviews, group discussions or filling in
questionnaires. These questionnaires can be sent through
the post or filled in on the spot; they may contain 'open
questions where respondents have to answer in their own
words or questions with multiple choice answers. Interviews
may contain special questions; they are usually structured
around certain topics; but sometimes have no definite
structure.
I believe evexy method has its advantages and
disadvantages and of course xr' aim was to prepare the most
reliable and most adequate survey of local perception in
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Kirkby and Ahwaz to hospital incineration. Observation of
the site was carried out although a heavy local accent in
Kirkby made group discussions impractical. Finally, taking
part in the Public Inquiry was very useful.
I decided to use questionnaires with multiple choice
answers, a method which gives an effective feeling of the
range and depth of people's perception, and it facilitates
the inputting of large amounts of data into the computer.
Supplementary information of various kinds was also
collected during the course of the study, including
material On:
1- Demographic, historical and other characteristics of
Kirkby and Ahwaz.
2- The health situation in Kirkby and Ahwaz.
A pilot survey was first carried out in Kirkby and on
the basis of this, a questionnaire was designed to ask
Kirkby residents about various aspects of their perception
towards a hospital incinerator (see appendix 1). A survey
also was conducted through resident interviews in October
1990 in Kirkby.
The survey focused on determining the fear of
residents in relation to the proposed a hospital
incinerator. It is hypothesised that there are perhaps four
main reasons why residents near the proposed hospital
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incinerator are concerned :
Hypothesis 1: There is significant relationship between
risk perception and attitude toward residential distance
from hospital incinerator.
Hypothesis 2: There is a significant relationship between
risk perception and age.
Hypothesis 3: There is a significant relationship between
risk perception and sex.
Hypothesis 4: There is a significant relationship between
risk perception and education.
7.3.2 Survey
 findings
Chapter one showed that the background literature does
not demonstrate a positive attitude to neighbouring
incinerators, see Sigler, 1973; Howe et al., 1988. I
distributed 750 questionnaires to local people at Kirkby,
chosen in two ways. Firstly, 500 questionnaire were
distributed by members of a centre for the unez1oyed in
Kirkby in 1990, and I received 148 completed
questionnaires. Secondly I sent 250 questionnaires by mail
to some organisation in Kirkby (Churches and Schools),
unfortunately I received only 19 replies. Therefore I have
received in total 167 questionnaires from Kirkby.
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a. Age
The first question of the survey asked people about
their age. 167 people responded. The largest percentage of
respondents (22.8 %) were between 56-65 years old. The
lowest percentage of respondents (13.2%) were under 25
years. ( For more information see figure 7.8.1)
b. Sex:
To this question 166 people responded, 60.2% were
women and 39.8% were men.
c. Education:
For this question 10.8% of respondents were missing.
The response to this question showed that 18.6% had only
primary education, 43.7% completed only secondary
education, 18% took	 higher education, 9% completed
University courses.
d. Public concern over communit y rob1ems
After these general questions the first question of
the study asked people how often they were concerned about
seven problems. For crime 53.3% said very often, 19.8%
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said from time to time, 10.8% not much at all and 1.8%
said, I don't know while 28.1% were very often concerned
about accidents, 52.1% were very often concerned about
smoking, 22.8% were very often concerned about industrial
pollution risk, 57.5% were very often concerned about
hospital incineration and 50.3% very often concerned about
traffic. For details see Table 7.8.1 and Figure 7.8.2.
Table 7.8.1 Community problems
Level of Very
	
Time	 Not	 Don't Missing
perception often to
	
much	 know
%	 time% atall %
Problem_______ _______ %	 _______ ________
Crime	 53.3	 19.8	 10.8	 1.8	 14.4
Accident	 28.1	 29.3	 14.4	 0.6	 27.5
Smoking	 52.1	 15.6	 8.4	 0	 24.0
Risk at work	 22.8	 19.2	 16.2	 6.6	 35.3
Industrial	 53.3	 18.6	 7.2	 3.6	 17.4
pollution_______ _______ _______ _______ ________
Hospital	 57.5	 11.4	 12.6	 4.8	 13.8
incinerator
Traffic	 50.3	 13.8	 12.6	 4.8	 18.6
e. roiect awareness and risk ercertion
The second question, of the questionnaire asked, "are
you aware of this project? According to the respondents
80.8% knew that there was a project for Kirkby but 5.4% of
respondents did not respond to this question. The response
indicated that 40.7% got the information about it through
newspapers, 34.7% through friends, 19.8% through leaflets,
People
40-
30
20
10
0 - -
Concerned people
60
50
40
30
20
w
L)
Grime Accidents Smoking	 Werk	 Industrial Incinerator Traffic
257
Age Groups
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Figure 7.8.1
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14.4% through TV and 5.3% heard about it in other ways.
The hospital incinerator might cause many problems( see
Gatrell and Lovett, 1992) for example fire, explosion water
pollution, soil contamination, smell, noiseair pollution,
hazards from big lorries. For 3 r1 question 77.2% respondent
were believe air pollution is very serious risk than other
problems. Table 7.8.2 and Figure 7.8.3 shows the result
from the respondents to question 3.
Table 7.8.2 Risk from hospital incinerator
Level of Very Moderate Not
	
Do Miss-
risk serio risk	 serious not ing
Problems	 -us	 risk	 know	 Total
______________ risk ________ _______ _____ ______ ______
Fire	 38.3%	 12.6%	 11.4%	 1.2% 36.5% 100%
Explosion	 35.9% 11.4%	 13.2%	 0.6% 38.8% 100%
Water	 58.1%	 8.4%	 7.8%	 1.8% 24%	 100%
Pollution______ _________ ________ _____ ______ _______
Soil	 51.5%	 15%	 4.8%	 1.2% 27.5% 100%
contamination
Smell	 59.9%	 12%	 4.8%	 0.6% 22.8% 100%
Noise risk	 38.9%	 18%	 6%	 4.2% 32.9% 100%
Air Pollution 77.2%	 %9	 1.2%	 2.4% 10.2% 100%
Hazardous	 43.1% 14.4%	 5.4%	 4.2% 32.9% 100%
from big
lorries
Other risk	 4.8%	 6%	 1.2%	 5.4% 82.6% 100%
f Public concern over health problems
29.9% respondents to the fourth question felt very
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seriously that they had had some trouble about their
general health. According to the responses 24% were very
seriously concerned about eye irritation. Respiratory
problems were a very serious concern to 33.5%. Tension
concerned 20.4%, and skin irritation, rashes or spots were
experienced by 27.5% very seriously. For more information
see Table 7.8.3 and Figure 7.8.4.
Table 7.8.3 Health problems
Level of Very Moderate Not
	
Do	 Miss- Total
risk	 serio concern seri- not ing
Problem	 -us	 ous	 know
General health 29.9% 29.9%	 13.8% 4.2% 22.8	 100%
Eye irritation 24%	 19.2%	 18%	 7%	 31.7% 100%
Tension	 20.4% 13.8%
	 21.6% 5.4% 38.9% 100%
Respiratory	 33.5% 13.8%	 24%	 4.2% 24.6% 100%
symptoms______ _________ ______ _____ ______ ______
Skin	 27.5% 16.2%	 19.2% 3.6% 33.5% 100%
irritation
p . Possible T,roblems from incinerator proximity
According to question 5, the hospital incinerator is
a cause of concern to 85.6% of those living near it. Of
these, 67.1% were very greatly concerned while 2.4% were
not worried at all. These findings were supported by
Fire Explosion Water	 8011	 8ineli Noise
	 Air Lorries Other A.
Health	 Eye	 Tension	 Respiratory	 Skin
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answers to questions 7, 10 and 11. A sizeable population
(Question 7), 86.2% is opposed to the idea that a hospital
incinerator should be installed close to their residence.
For example if a hospital incinerator is to be
installed close to their area, 69.5% would move away but
28.1% would not move away (Question 10). Also the most
suitable site to install a hospital incinerator should be
very far from their house according to 71.9% and far
according to 9.6% (Question 11).
h. Possible problems from factories
Question 6 referred to the effect of factories on the
community. 32.9% were concerned about the effects of these
emissions from factories on the health of aged people.
34.7% had no knowledge about the effect of such emissions
on pregnant women. Knowledge about the effects of emissions
from factory chimneys on child health was well know to
37.7% and 25.7% of respondents knew about the effect of
these emission from factories on crops. 22.8% thought the
emissions caused a serious problem to the health of
animals. 55.7% have a firm belief that industries cause
damage to the environment. Finally, 66.5% were ignorant
about the other effects of these emissions from factories.
See Table 7.8.4 and Figure 7.8.5.
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Table 7.8.4 Possible problems from factories.
Level Very	 Node-	 Slight Not
	
Do	 Miss
of	 serious rate	 problem serious not -ing
risk	 problem problem serious	 know
problem
Case
Elderly	 32.9	 12.6	 10.2	 13.2	 3.6 27.5
people________ ________ ________ ________ _____ ______
Pregnant	 34.7	 9.0	 11.4	 9.6	 3.0 32.3
women
Children	 37.7	 7.8	 13.2	 10.8	 2.4 28.1
Crops	 25.7	 6.6	 8.4	 16.2	 3.0 40.1
Animals	 22.8	 11.4	 7.2	 11.4	 6.0 41.3
Environ-
mental	 55.7	 11.4	 6.0	 7.4	 2.4 16.2
pollution________ ________ ________ ________ _____ ______
Other	 9.6	 3.6	 7.2	 7.8	 5.4 66.5
i. Possible problems from a hospital incinerator.
Though the effect of emissions from hospital
incinerator chimneys upon elderly people are known to be
a very serious problem to 57.5%, 3% are completely ignorant
about this aspect. Living in the vicinity of a hospital
incinerator is a very serious problem for pregnant women
according to 59.9%. A sizeable number, 61.1% of
respondents, know about the effects of emissions from a
hospital incinerator's chimney on children. The response
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indicates that 51.5% of people believe a very serious
problem will be caused to crops. The effects on animals
were well know to 50.3%. Surprisingly, 71.9% believe that
hospital incinerators are a very serious problem to the
environment. 67.1% are ignorant about the other effects of
these emissions. Table 7.8.5 and Figure 7.8.6 show these
responses.
Table 7.8.5 Hospital incinerator problems
Level Very
	
Mode	 Slight Not	 Do Miss
of	 serious -rate	 problem serious not -ing
risk . problem problem serious problem know
Case
Elderly	 57.5	 10.8	 8.4	 4.2	 3.0	 16.2
people________ ________ ________ _________ _____ ______
pregnant	 59.9	 9.0	 7.2	 3.0	 2.4	 18.6
women
Children	 61.1	 9.6	 3.0	 3.6	 2.4	 20.4
Crops	 51.5	 6.6	 4.2	 6.6	 4.2	 26.9
Animals	 50.3	 4.8	 3.6	 4.8	 6.0	 30.5
Environ
-mental	 71.9	 4.2	 4.2	 0	 1.8	 18.0
pollution________ ________ ________ ________ _____ ______
Others	 19.8	 6.0	 1.8	 0.6	 4.8	 67.1
i. Other considerations.
The response (Question 8) indicates that 67.7% of
people would participate in any action against the
installation of a hospital incinerator.. Results from
mak
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question 9 shows 62.9% believe that would bring no
advantages while 18 % agreed it would allow the disposal
of hospital waste in a healthy way.
k. Discussion
Tables 7.9.1 and 7.9.2 show the data related to cross
tabulation of participants residential distance and their
risk perception.
Table 7.9.1
	 Kirkby- Residential distance and risk
perception.
V65 HOW FAR AWAY SHOULD THE INCINERATOR BE
by V63 ARE YOU CONCERNED ABOUT LIVING NEAR AN INCINERATOR
V 63	 Yes	 No	 Missing Row
Exp Val	 Total
Residual
V65_____ _____ _____ _____
Far	 14.6	 1.3	 1.1	 17
___________________ -.6	 1.7	 -1.1	 10.2%
Very far	 102.8	 9.3	 7.9	 120
___________________ 9.2	 -7.3	 -1.9	 71.9%
Do not know
	
24.0	 2.2	 1.8	 28
___________________ -9.0	 5.8	 3.2	 16.8%
Missing	 1.7	 .2	 .1	 2
___________________ .3	 -.2	 -.1	 1.2%
Coluitn Total	 143	 13	 11	 167
85.6%	 7.8%	 6.6%	 100.0%
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As the data of table 7.9.1 above, indicate the closer
the people live to the hospital the more concerned they
seem to be and vice ye rs. The results of the Chi-square
analyses on the differences among their risk perception
showed that the residuals of the obtained frequencies and
the expected frequencies in each cell are statistically
significant [ K = 34.96 , df = 6 , P = 0.0000].
Table 7.9.2 Kirkby- Desire to move and risk perception
V64 HOW MUCH ARE YOU	 ABOUT HOSPITAL
by V51 MOVE AWAY IF A INCINERATOR IS TO BE CLOSE
V 51 Yes	 No	 Missing Row
Exp Val	 Total
Residual
V64_____ _____ _____ ______
Very great	 77.8	 31.5	 2.7	 112
_________________ 16.2	 -15.5	 -.7	 67.1%
Moderate	 15.3	 6.2	 .5	 22
_________________ -4.3	 3.8	 .5	 13.2%
Slight	 2.8	 1.1	 .1	 4
_________________ 
-2.8	 2.9	 -.1	 2.4%
Not at all	 2.8	 1.1	 .1	 4
_________________ -.8	 .9	 -.1	 2.4%
Missing	 17.4	 7.0	 .6	 25
________________ -8.4	 8.0	 .4	 15.0%
Column Total	 116	 47	 4	 167
-8.4	 28.1%	 2.4%	 100.0%
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Also the results (table 7.9.2) of the Chi-square analyses on the obtained
differences among their risk perception showed that the residuals of the obtained
frequencies and the expected frequencies in each cell are statistically significant [K
= 39.67, df =8, P = 0.0000] These results, therefore, support the existing association
between the dependent variable and independent variable.
To sum up, the above data clearly indicate that the obtained data in the above
tables are quite supportive of the prediction made in hypothesis 1 which assumed a
significant association between residential distance from the hospital and the risk
perception towards hospital incinerator. The fmding of this study is consistent with
both Chi-square.Turning now to the age variable, Tables 7.9.3 and 7.9.4 show the
cross tabulation of the data related to the age of the participants and their risk
perception.
Table 7.9.3 Kirkby- Age and risk perception.
V 63 ARE YOU CONCERNED ABOUT LIVING NEAR A HOSPiTAL
INCINERATOR
Age	 Le	 26- 36- 4& 56- Ge Row
Exp Val	 25	 35	 45	 55	 65	 66	 total
Residual
V63
Yes	 18.8	 19.7	 27.4 21.4 32.5	 23.1 143
-5.8	 -3.7	 2.6	 1.6	 3.5	 1.9	 85.6
No	 1.7	 1.8	 2.5	 1.9	 3.0	 2.1	 13
4.3	 2.2	 -1.5	 .1	 -3.0	 -2.1	 7.8%
Missing	 1.4	 1.5	 2.1	 1.6	 2.5	 1.8	 11
_______________ 1.6	 1.5	 -1.1	 -1.6 -.5	 .2	 6.6%
Total	 22	 23	 32	 25	 38	 27	 167
13.2	 13.8	 19.2	 15.0	 22.8	 16.2	 100.0
% % % % %
268
Table 7.9.4 Kirkby- Age and detailed risk perception
Age	 Le	 26-	 36-45 46-55 56-65 ge	 Row
Exp Val	 25	 35	 66	 Total
Residual
V64___ ___ ___ ___ ____ ___
Very great	 14.8	 15.4 21.5	 16.8	 25.5	 18.1	 112
-7.8	 -4.4	 -.5	 3.2	 8.5	 .9	 67.1
%
Moderate	 2.9	 3.0	 4.2	 3.3	 5.0	 3.6	 22
4.1	 2.0	 2.8	 -.3	 -5.0	 -3.6	 13.2
Slight	 .5	 .6	 .8	 .6	 .9	 .6	 4
_______________ .5	 .4	 -.8	 -.6	 .1	 .4	 2.4%
Not at all	 .5	 .6	 .8	 .6	 .9	 .6	 4
-.5	 -.6	 -.8	 -.6	 .1	 2.4	 2.4%
Total	 22	 23	 32	 25	 38	 27	 167
13.2 13.8 19.2% 15.0% 22.8% 16.2% 100.0
%
As table 7.9.3 and 7.9.4 show, the older the people the more concerned they
are. The results of the Chi-square analyses indicated that the obtained residuals in
each cell between the obtained and expected frequencies are quite significant [K =
28.27, df = 10, P =.00l6] These results are there fore consistent with the assumption
made in hypothesis 2 which predicted "There is a significant relationship between
risk perception and age" the these fmdings support hypothesis two. Also results from
Table 4 [K= 49.15, df = 20, P =.0002] support this hypothesis.
For the sex variable, Tables 7.9.5 and 7.9.6 show the cross tabulation of the data
related to sex of the participants and their risk perception
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Table 7.9.5 Kirkby- Sex and risk perception
Sex	 Male	 Female	 Missing	 Row
Exp Val	 Total
Residual
V63______ ______ ______ ______
Yes	 56.5	 85.6	 .9	 143
_______________ -2.5	 2.4	 .1	 85.6%
No	 5.1	 7.8	 .1	 13
2.9	 -2.8	 -.1	 7.8%
Missing	 4.3	 6.6	 .1	 11
____________ -.3
	
.4	 -.1	 6.6%
66	 100	 1	 167
Total	 39.5%	 59.9%	 .6%	 100.0%
Table 7.9.6 Kirkby- Sex and detailed risk perception
V64 HOW MUCH ARE YOU CONCERNED ABOUT HOSPiTAL INCINERATOR
Sex	 Male	 Female	 Missing	 Row
Exp val	 Total
Residual
V64______
Very great	 44.3	 67.1	 .7	 112
-9.3	 8.9	 .3	 67.1%
Moderate	 8.7	 13.2	 .1	 22
4.3	 -4.2	 -.1	 13.2%
Slight	 1.6	 2.4	 .0	 4
____________ .4
	 -.4	 .0	 2.4%
Not at all	 1.6	 2.4	 .0	 4
2.4	 -2.4	 .0	 2.4%
Missing	 9.9	 15.0	 .1	 25
2.1	 -2.0	 -.1	 15.0%
66	 100	 1	 167
Total	 39.9%	 59.9%	 .6%	 100.0%
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As Tables 7.9.5 and 7.9.6 show, when the respondents generally attitude were
asked in yes/no conditions, the results showed that there was no significant
relationship between risk perception and sex
[K= 3.34, df = 2, P = 0.187] but when the question was asked in a more detailed
manner, we can see that the results [K= 12.85, df= 3,
P= 0.004] are supportive of the assumption made in hypothesis 3.
Turning now to the education variable, Tables 7.9.7 and 7.9.8 show the cross
tabulation of the data related to age of the participants and their risk perception of
a hospital waste incinerator.
Table 7.9.7 Kirkby- Education and risk perception
Education	 Prima- Seco-	 Higher Unive Miss- Row
Exp Val	 ry	 ndary	 Educat- -rsity ing	 Total
Residual	 ion
V63
Yes	 26.5	 62.5	 25.7	 12.8	 15.4	 143
_______________ 1.5
	 2.5	 -3.7	 .2	 -.4	 85.6%
No	 2.4	 5.7	 2.3	 1.2	 1.4	 13
-1.4	 -4.7	 5.7	 .8	 -.4	 7.8%
Missing	 2.0	 4.8	 2.0	 1.0	 1.2	 11
_______________ .0
	
2.2	 -2.0	 -1.0	 .8	 6.6%
31	 73	 30	 15	 18	 167
Total	 18.6% 43.7%
	 18.0%	 9.0%	 10.8% 100.0
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Table 7.9.8 Kirkby- Education and detailed risk perception
Education	 Prima- Secon- Higher Univer- Miss- 	 Row
Exp val	 ry	 daiy	 Educat- sity	 ing	 Total
Residual	 ion
V64____ ____ ____ ____ ____ ____
Very great	 20.8	 49.0	 20.1	 10.1	 12.1	 112
_______________ 4.2
	 5.0	 -5.1	 -3.1	 -1.1	 67.1%
Moderate	 4.1	 9.6	 4.0	 2.0	 2.4	 22
-3.1	 -1.6	 3.0	 4.0	 -2.4	 13.2%
Slight	 .7	 1.7	 .7	 .4	 .4	 4
_____________ -.7	 1.3	 -.7	 -.4	 .6	 2.4%
Not at all	 .7	 1.7	 .7	 .4	 .4	 4
1.3	 .3	 -.7	 -.4	 -.4	 2.4%
Missing	 4.6	 10.9	 4.5	 2.2	 2.7	 25
_______________ -1.6
	 -4.9	 3.5	 -.2	 3.3	 15.0%
31	 73	 30	 15	 18	 167
Total	 18.6% 43.7%
	 18.0%	 9.0%	 10.8%	 100.0
As the data of the above tables 7.9.7 and 7.9.8 indicate the people who were
educated more than others, were more concerned, and vice ve rsoL .The results of the
CM-square analyses on the obtained differences among their risk perception showed
that the residuals of the obtained frequencies and the expected frequencies in each
cell are statistically significant.
CHAPTER EIGHT
CASE STUDY 2 ABWAZ, IRAN
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8.1 Xntroduction
This chapter presents the findings of a second social
survey. It was carried out in Ahwaz, Iran in August and
September 1991, and examined local perceptions towards a
hospital incinerator plant in that area. To be able to
visit four hospitals (Kolestan, Emam Khomeini, Razi, Sina)
and do my research legally, I had to have permission from
the Chancellor of the Medical Science University. For that
reason I wrote a letter to him explaining my work and
research. After writing this letter, I had a chance to see
Dr Alavi (Chancellor of the Medical Science University)
himself. In my discussions with Dr Alavi I explained to him
my finding on peoples attitudes and perceptions towards
hospital incinerators.
Dr Alavi provided me with a letter of permission to
do my research with the help of the hospital management
staff. For that reason I had the help of two social
services staff from each hospital to assist me. I also
explained to the social services staff about my work, the
hospital incinerator, and the attitudes of people who live
near hospital incinerators.
At random I chose 200 households from each area
around the hospitals. The social service staff used this
list and in case any of the households were not available
to answer the questionnaires they could pass it to the
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next-door neighbour. To get more detailed results we also
had more detailed interviews with some households. Every
member of staff had 100 questionnaires to give to
households.
However at the end it became apparent that
unfortunately we had some questionnaires missing. Finally,
it must be explained that in every house only one person
completed a questionnaire.
This chapter is divided into two main sections. The
first discusses the background and health of Iran. The
second presents the results of a survey in four communities
around four hospitals in Ahwaz and discusses them.
8.2 Background and health
8.2.1 General information about Islamic Republic of Iran
a. Location (ceocrraphical perspective)
Iran is a country in the Middle East creating the
Western part of Asia and is situated between 440 and 64°
longitude and 25° and 400 latitude. The map, Figure 8.2.1
shows the shape of Iran. The Islamic Republic of Iran has
a surface area of 1,648,000 square Km. (Iran is about equal
to the area of Great Britain, France, Spain and Germany put
together). It is the fourth largest country in Asia. Iran
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Source: Ministry Information and Tourism
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is bounded on the north by the Transcausus, Azarbijan and
the Caspian Sea, on the West by Iraq and Turkey, in the
South by the Persian Gulf and the Sea of Oman and in the
East by Afghanistan and Pakistan. Iran has 24
administrative Provinces, 218 districts, 595 subdistricts
and approximately 69,700 villages.
b. History
Iranian history presents a rich complex of mythology,
legend, recorded fact and living tradition. Iran means, the
land of the Aryans. The oldest known civilization in Iran
is that of Elam, which has been the subject of a great deal
of research by scholars. Elan was a small kingdom which
caine into being around the 10th century BC, in the fertile
plain between the rivers Karun and Karkheh in what is now
the South-Western Province of Khuzestan (Ministry of
Information and Tourism, 1974).
c. Population
A 1956 census reported that the population of Iran was
18,954,000. According to the 1966 census, out of a total
population of 25,789,000 about 60% (some 15,400,000) were
under 25, and 35% (about 8,750,000) were between 25 and 65,
while less than 5% (about 970,000) were 65 year old. The
birth rate was 43 per 1,000 while the death rate was about
211
14 per 1,000. The census in 1976 reported a total
population of 33,600.000. The last census in 1986, reported
a total population of about 50 million. However, in 1984
the population was estimated to be about 47 million.
According to the survey carried out by the Ministry of
Health during 1985-1986 the natural increase of population
has been estimated to be 3.4 percent (34 per 1000). If this
rate is continued the total population would be about
80,000,000 by the year 2000.
There are an estimated 9.5 million families averaging
about 5 persons per family. The median age is about 16,
which means that 50 percent of the population is under 16
years of age.
Population densities vary widely across the country,
between 7 and 313 people per Sq Km averaging 28.7 per Sq
Km overall. Fifty four percent of the population live in
the urban areas. The life expectancy at birth for women is
69, for men 66 and a total average of 67 years has been
estimated. The religion of 98% of the population is Islam,
and 96% of the Moslems are Shiias. There are also non-
Moslem minorities including Christians, 	 Jews and
Zoroastrians, and a few with other religions or ideas.
8.2.2 Public health in Iran
Iran has approximately 600 hospitals with more than
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70,000 beds; the minority of them have hospital
incinerators. The National Health System in Iran includes
both private and public health services, which are used
side by side. Although the public sector is responsible for
the .provision of community health, there is nothing to
prevent the use of the private sector by the people.
8.2.3 City of Ahwaz
Ahwaz is the oldest city in Khozestan province and its
name is mentioned in Iranian earliest historical records.
I-Iormoz Shaher was the historical name for Ahwaz in 226 BD.
This was at the time of the Sasaniari tribe.
In the first Islamic century Ahwaz was one of the most
importaht and largest cities of Khozestan province. At the
present time Ahwaz is the centre of Khozestan and is one
the largest cities in Iran. The Karun River divides Ahwaz
into two parts and is very beautiful.
Khozestan province's population is 2,702,533 people
composed of 453,208 families. Ahwaz District's
population is 884,528 people from 145,967 families. Its
suburbs and dependants contain 589,529 people from 41,149
families. The Rural population is 294,999 people from
41,159 families.
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At present Ahwaz City has twelve hospitals with all
the facilities for different forms of treatment. Nine of
these hospitals are run by the government and the rest are
run by the private sector. There are in total 2,192
hospital beds in Ahwaz which means approximately one bed
for 440 people. A Survey shows that 52% of Khozestan
province's hospitals are in Ahwaz City.
According to the international classification the
number of deaths in Khozestan province in 1991 was 6,476
people and 54% of these deaths happened in Ahwaz city.
According to local statistics the highest cause of death,
23% of these cases (2,043), resulted from high blood
pressure. This might be explained by the eight years Iran-
Iraq war which took place in this province.
The University of Medical Science has made a contract
with the Ahwaz City Council to put some of the waste from
hospitals belonging to the University in landfills 40 Km
away from hwaz. There is a daily delivery of waste to the
site.
Generally the radioactive waste is collected
separately and given to the atomic energy centre. No safety
precautions are taken with the stored active waste.
Four hospitals were surveyed in hwaz, these were
Kolestan, Emam khomeini, Razi and Sina. The University has
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a project to install a hospital incinerator for the
hospitals belonging to the university. The incinerator of
Kolestan Hospital is old, small and not sufficient forL,e
hospital needs. Also it was damaged in the war between
Iran and Iraq. The incinerator of Emam Khomeini Hospital
is out of order and the new one is not yet installed. In
Razi Hospital, the previous incinerator is out of order and
the new one is not ready yet. Sina hospital has a refinery
for waste water; before entering the Karun River it has to
pass through the refinery. Wastes from the general
department and laboratories are burnt in an incinerator but
unfortunately other wastes burn in the open which is very
dangerous for patients and residents living near the
hospital.
8.3 Survey findinas
8.3.1 Survey findings from Kolestan Hospital
a. Acre
The first question of the survey asked people about
their age. No person was missing, therefore 146 people
responded. The largest percentage of respondents (24%) were
between 46 and 54 years old. The lowest percentage of
respondents (4.8%) were 66 or more years old. See Figure
8.6.1.
b. Sex
Of 145 respondents, 77.4% were men and 21.9% were
women.
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c. Education
The response to this question showed that 7.5% were
illiterate, 53.4% had only Primary Education (7-11 years
old), 14.4% completed only Guidance Education (12-14 years
old), 18.5% finished High School (15-18 years old) and 5.5%
graduated from University.
d. Public concern over communit y
 problems
After these general questions the first question of
the study asked people how often they were concerned about
7 problems. These were crime,accident, smoking, working,
industrial pollution, hospital incinerator and traffic.
Hospital incinerators concerned 47.9% very often, 43.2%
from time to time, 6.2% not much at all and 2.7% don't
know. Thirty point one percent were very often concerned
about crime, 21.2% were very often concerned about
accidents, 26% were very often concerned about smoking,
20.5% were concerned about risks at work, 12.3% were very
often concerned about industrial pollution, and 32.2% were
very often concerned about traffic. Table 8.6.1 and Figure
8.6.2 show these.
Le 25	 26-36	 36-46	 46-66	 se-es	 Ge 66
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Table 8.6.1 Community problems
	
Level of Very	 Time	 Not	 Don't Missing
perception often to	 much
	
%	 time	 at all know
Problem_______ %	 %	 %	 _________
Crime	 30.1	 31.5	 36.3	 1.4	 0.7
Accident	 21.2	 41.1	 30.8	 4.8	 2.1
Smoking	 26	 11	 52.1	 4.1	 6.8
Risk at work	 20.5	 19.9	 43.8	 5.5	 10.3
Industrial	 12.3	 39	 33.6	 5.5	 9.6
pollution_______ ________ _______ ______ _________
Hospital	 47.9	 43.2	 6.2	 2.7	 2.7
incinerator
Traffic	 32.2	 61	 3.4	 2.7	 0.7
e. Prolect awareness and risk percet)tion
The second question, of the questionnaire asked,
whether they were aware of this project? According to the
respondents 27.4% knew that there was a project for
Kolestan. 69.2% didn't know that there was a project for
that area and 3.4% did not answer this question. The
response indicated that 2.7% got the information about it
through newspapers, 15.8% through friends, 0.7% through
leaflets, nobody through TV and 4.8 % heard about it in
other ways.
The third question referred to possible problems
caused by the incineration. The largest number of
respondents, 53.4% believed that fire was a very serious
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risk. Table 8.6.2 and Figure 8.6.3 show the results.
Table 8.6.2 Risk from hospital incinerator
	
Level of Vezy	 Moderate Not	 Do not Miss-ing
risk serious risk	 serious know
Problemsrisk	 _________ risk	 _______ __________
Fire	 53.4	 41.8	 -	 2.7	 2.1
Explosion	 33.6	 43.2	 0.7	 11.6	 11
Water	 30.1	 32.9	 3.4	 17.1	 16.4
Pollution________ _________ ________ _______ __________
Soil	 8.9	 39	 6.2	 20.5	 25.3
containinat ion
Smell	 50	 42.5	 0.7	 2.1	 4.8
Noise risk	 13.7	 53.4	 7.5	 13.7	 11.6
Air Pollution 38.4	 47.9	 6.8	 6.8	 -
Hazardous	 11.6	 50.7	 0.7	 13.7	 23.3
from big
lorries
Other risk	 2.1	 2.7	 6.2	 50	 39
f. Public concern over health roblents
The fourth question referred to health concerns. 25.3%
of respondents were very seriously concerned, 28.1% were
moderately concerned, 39% were not seriously concerned
about their general health. Sixteen percent were very
seriously concerned about eye irritation. Respiratory
problems were a very serious concern to 19.2%. Tension
concerned 26.7% and skin irritation, rashes or spots were
experienced by 13% very seriously. For further information
see Table 8.6.3 and figure 8.6.4.
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Table 8.6.3 Health problems.
Level of Very	 Moderate Not
	
Do	 Missing
risk	 serious concern serious not
Problem	 know
General health 25.3	 28.1	 39.9	 1.4	 6.2
Eye irritation 16.4	 11.6	 52.1	 1.4	 18.5
Tension	 26.7	 28.8	 29.5	 1.4	 13.7
Respiratory	 19.2	 14.4	 34.9	 8.2	 23.3
symptoms_________ _________ ________ _____ __________
Skin	 13	 9.6	 41.8	 4.1	 31.5
irritation
g. Possible problems from incinerator proximity
According to question five, the hospital incinerator
is a cause of concern to the 73.3% of those living near it.
Of these 54.1% were very greatly concerned while 1.4% were
not worried at all. These findings were 	 -	 strongly
alt
with answers to questions 7, 10 and 11. A sizeable
population (Question 7) 97.3% is opposed to the idea that
a hospital incinerator should be installed close to their
homes. If a hospital incinerator is to be installed close
to their area, 7.5% would move away but 88.4% would not
move away (Question 10). The most suitable site to install
a hospital incinerator should be very far from their house
according to 70.5% and far according to 15.8% (Question
11).
h. Possible problems from factories
Question six referred to the effect of factories on
the community. Fifty five point five percent were concerned
Fire ExpIoson Water	 SOil	 Smell Noise	 Air Lorries Other R.
Health	 Eye	 Tension	 Respiratory	 Skin
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about the effects of these emissions from factories on the
health of aged people. Forty five point two percent had
no knowledge about the effect of such emissions on pregnant
women. Knowledge about the effects of emissions from
factory chimneys on child health was well know to 38.4% and
5.5% of respondent knew about the effect of these emissions
from factories on crops. Fourteen point four percent
thought the emissions caused a serious problem to the
health of animals. Twenty one point two percent have a firm
belief that industries cause damage to environment. Twenty
six point seven were ignorant about the other effects of
these emissions from factories. See Table 8.6.4 and Figure
8.6.5.
Table 8.6.4 Possible problems from factories.
Level Very	 Mode	 Slight Not
	
Do Miss-
of	 serious -rate
	
problem serious not ing
risk problem problem serious problem know
Case
Elderly	 55.5	 35.6	 2.7	 0.7	 2.7	 2.7
people________ ________ ________ ________ _____ _______
Pregnant	 45.2	 37	 2.7	 0.7	 8.9	 5.5
women
Children	 38.4	 34.9	 6.2	 1.4	 11	 8.2
Crops	 5.5	 25.3	 24	 13.7	 18.5 13
Animals	 14.4	 32.9	 18.5	 14.4	 11.6 8.2
Environ	 21.2	 43.8	 11.6	 4.8	 7.5	 11
-mental
pollution________ ________ ________ ________ _____ _______
Others	 0.7	 2.7	 1.4	 15.8	 52.7 26.7
i. Possible problems from a hosDital incinerator.
Though the effect of emissions from hospital
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incinerator chimneys (Question 12 ) upon elderly people are
known to be a very serious problem to 63%, 4.8% are
completely ignorant about this aspect. Living in the
vicinity of a hospital incinerator is a very serious
problem for pregnant women according to 52.7%. A sizeable
number, 38.4% of respondents, know about the effects of
emissions from a hospital incinerator's chimney on
children. The response indicates that 6.8% of people
believe very serious problems will be caused to crops. The
effects on animals were well know to 9.6% of the
respondents 19.2 % believed that hospital incinerators
caused a very serious problem to the environment. Twenty
seven point four percent are ignorant about the other
effects of these emissions. Table 8.6.5 and Figure 8.6.6
show the results from these responses.
Table 8.6.5 Hospital incinerator problems.
Level Very	 Mode	 Slight Not	 Do Miss-
of	 serious -rate
	
problem serious not ing
risk problem problem serious problem know
Case
Elderly	 63	 29.5	 0.7	 -	 2.1	 4.8
people________ _________ _________ _________ _____ _______
Pregnant	 52.7	 33.6	 0.7	 -	 8.9	 4.1
women
Children	 38.4	 33.6	 4.8	 2.1	 11.6 9.6
Crops	 6.8	 26.7	 28.1	 9.6	 14.4 14.4
Animals	 9.6	 40.4	 21.2	 8.2	 9.6	 11
Environ	 19.2	 42.5	 13	 4.8	 9.6	 11
-mental
pollution________ ________ _________ _________ _____ _______
Others	 0.7	 0.7	 2.1	 12.3	 56.8 27.4
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1. Other considerations.
The response indicates that 20.5% people would
participate in any action against the installation of a
hospital incinerator. Results from question 9 shows 15.8%
believe it would bring no advantages while 58.9% agreed it
would allow the disposal of hospital waste in a healthy
way.
8.3.2 Survey findings from mim Thomeini hosDital
a. Age
The first question of the survey asked people about
their ages. 168 people responded. The largest percentage
of respondents (19.6%) were between 46 and 55 years old.
The lowest percentage of respondents (4.2%) were 66 or more
years old. See Figure 8.8.1.
b. Sex
To this question 168 people responded, 78% were men
and 22% were women.
c. Education
From this question 8.3% were found to be illiterate.
The response to this question showed that 53.6% had only
Primary Education (7-11 years old), 9.5% completed
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Guidance Education (12-14 years old), 22% finished High
School (15-18 years old), 6.5% completed University.
d. Public concern over communit y problems.
Question one revealed concerns over community problems
73.2% of respondent were very often concerned about
hospital incinerators, while 30.4% very often concerned
about crime, 16.7% were very often concerned about
accidents, 35.1% were very often concerned about smoking,
22% were concerned about risks at work and 19.6% were very
often concerned about industrial pollution, and 32.1% were
very often concerned about traffic. For details see Table
8.7.1 and Figure 8.7.2.
Table 8.7.1 Community problems
	
Level of Very Time	 Not	 Don't Missing
perception often to
	
much
	
time	 at all know	 %
Problem_______ %
	 %	 %	 _________
Crime	 30.4	 25.0	 42.3	 0.6	 1.8
Accident	 16.7	 44.6	 32.7	 0.6	 5.4
Smoking	 35.1	 5.4	 42.9	 0.6	 16.1
Risk at work	 22.0	 15.5	 38.7	 1.8	 22.0
Industrial	 19.6	 35.1	 25.6	 -	 19.6
pollution_______ ________ ________ ______ _________
Hospital	 73.2	 19.0	 4.2	 -	 3.6
incinerator_______ ________ ________ ______ _________
Traffic	 32.1	 58.9	 3.6	 1.8	 4.2
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e. project awareness and risk perception.
The second question, of the questionnaire asked, "Are
you aware of this project?". According to the respondents
22.6% knew that there was a project for the Emam Khomeini
hospital (Ahwaz). The response indicated that 1.2% got the
information about it through newspapers, 20.8% through
friends, no person through leaflets, nobody through W and
1.8% heard about it from other ways.
From the third question about possible problems caused
by an incinerator 61.3% of respondents believed air
pollution was a more serious risk than other problems.
Table 8.7.2 and Figure 8.7.3 show the results from the
respondents to question 3.
Table 8.7.2 Risk from hospital incinerator.
Level of Very	 Moderate Not
	
Do not Missing
risk serious risk %
	
serious know %
	 %
Problemsrisk % __________ risk % _______ __________
Fire	 60.1	 32.7	 2.4	 2.4	 2.4
Explosion	 26.8	 36.3	 8.9	 18.5	 9.5
Water	 13.7	 26.8	 8.9	 29.2	 21.4
Pollution_________ __________ _________ _______ __________
Soil	 10.7	 22.6	 8.9	 30.4	 27.4
contamination
Smell	 60.1	 35.7	 -	 1.2	 3.0
Noise risk	 23.8	 48.2	 11.3	 6.5	 10.1
Air Pollution	 61.3	 26.8	 0.6	 3.0	 8.3
Hazardous	 38.1	 43.5	 1.2	 5.4	 11.9
from big
lorries
Other risk
	 1.8	 14.3	 1.8	 42.9	 39.3
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f. Public concern over health problems.
34.5% of respondents to the fourth question, felt very
seriously that they had had some trouble with their general
health. According to responses 17.3% were very seriously
concerned about eye irritation. Respiratory problems were
a very serious concern to 17.3%. Tension concerned 33.3%,
and skin irritation, rashes or spots were experienced by
22% very seriously. For more information see Table 8.7.3
and Figure 8.7.4.
Table 8.7.3 Health problems.
Level of Very	 Moderate Not	 Do	 Missing
risk	 serious concern serious not
Problem	 %	 %	 %	 know
______________________ ___________ _____________ ___________ %
	 _____________
General health	 34.5	 22.0	 33.3	 0.6	 9.5
Eye irritation	 17.3	 11.9	 44.0	 0.6	 26.2
Tension	 33.3	 25.0	 22.0	 0.6	 19.0
Respiratory	 17.3	 13.1	 33.9	 4.8	 31.0
symptoms________ _________ ________ _____ __________
Skin	 22.0	 10.1	 30.4	 2.4	 35.1
irritation
g. Possible problems from incinerator proximity.
According to question five the hospital incinerator
is a cause of concern to 86.9% of those living near it.
81.5% were very greatly concerned while 1.8% were not
worried at all. These findings were supported strongly by
answers to questions 7, 10 and 11. A sizeable population
(Question 7, 98.8%) is opposed to the idea that a hospital
Fire Expiosion Water	 8011	 8meli Noise	 Air Lorries Other R.
Health	 Eye	 Tenelon	 Respiratory	 Skin
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incinerator should be installed close to their homes.
If a hospital incinerator was to be installed close
to their area (Question 10), 6.5% would move away but 89.3%
would not move away. Also the most suitable site to install
a hospital incinerator should be very far from their house
(Question 11) according to 80.4% and far according to 7.1%.
h. Possible problems from factories.
Question six referred the effect of factories on the
community. Fifty three point six percent of respondents
were concerned about the effects of these emissions from
factories on the health of aged people. Knowledge about
the effect of such emissions on pregnant women was lacking
in 71.4% respondents. Knowledge about the effects of
emissions from factory chimneys on child health was well
known to 49.4%, and 8.9% of respondent knew about the
effect of these emissions on crops. Eleven point three
percent thought the emissions caused a serious problem to
the health of animals. Thirty two point seven percent have
a firm belief that industries cause damage to the
environment. Forty point five percent were ignorant about
the other effects of these emissions from factories. See
Table 8.7.4 and Figure 8.7.5.
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Table 8.7.4 Possible problems from factories.
Level Very	 Mode	 Slight Not	 Do	 Miss-
of	 serious -rate	 problem serious not ing
risk problem problem serious problem know
Case
Elderly	 53.6	 36.3	 3.0	 1.8	 1.8	 3.6
people________ ________ ________ ________ _____ _______
Pregnant	 71.4	 22.0	 1.2	 0.6	 3.0	 1.8
women
Children	 49.4	 33.9	 4.2	 3.6	 6.0	 3.0
Crops	 8.9	 26.8	 22.0	 21.4	 8.9	 11.9
Animals	 11.3	 44.0	 13.7	 16.7	 6.0	 8.3
Environ	 32.7	 44.6	 8.9	 6.0	 1.8	 6.0
-mental
pollution_________ _________ _________ _________ _____ _______
Others	 2.4	 5.4	 10.7	 14.9	 40.5	 26.2
i. Possible problems from a hospital incinerator
Though the effect of emissions from hospital
incinerator chimneys upon elderly people (question 12) are
known to be a very serious problem to 59.2%, 1.8% are
completely ignorant about this aspect. Living in the
vicinity of a hospital incinerator is a very serious
problem for pregnant women according to 67.9%. A sizeable
number (47.6%) of respondents know about the effects of
emissions from a hospital incinerator's chimney on
children. The response indicates that 5.4% of people
believe very serious problems will be caused to crops. The
effects on animals were well know to 10.7% of respondents.
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Twenty two percent believe that hospital incinerators
caused a very serious problem to the environment. Forty one
point seven percent are ignorant about the other effects
of these emissions. Table 8.7.5 and Figure 8.7.6 show the
results from these respondents.
Table 8.7.5 Hospital incinerator problems.
Level Very
	 Mode	 Slight Not	 Do	 Miss-
of	 serious -rate	 problem serious not ing
risk problem problem serious problem know
Case
Elderly	 54.2	 38.7	 2.4	 0.6	 1.8	 2.4
people_________ _________ _________ _________ _____ _______
Pregnant	 67.9	 28.0	 0.6	 0.6	 2.4	 0.6
women
Children	 47.6	 31.0	 7.1	 3.0	 7.7	 3.6
Crops	 5.4	 22.0	 20.8	 25.6	 10.7	 15.5
Animals	 10.7	 50.0	 11.9	 16.1	 3.6	 7.7
Environ	 22.0	 51.8	 7.1	 8.3	 4.8	 6.0
-mental
pollution________ _________ _________ _________ _____ _______
Others	 0.6	 2.4	 1.8	 23.2	 41.7	 30.4
1. Other Considerations.
The response indicates that 7.1% of people would
participate in any action against the installation of a
hospital incinerator. 4.2% believe that it would bring no
advantages while 77.4% agreed it would allow the disposal
of hospital waste in a healthy way.
Elderly Pregnant Childern 	 Crops	 Animals Environment Others
Elderly Pregnant Childern
	 Crops	 Animals Environment Others
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8.3.3 Survey findings from Razi hospital.
a. Age
The first question of the survey asked people about
their ages, 131 people responded. The largest percentage
of respondents (31.3%) were between 36 and 45 years old.
The lowest percentage of respondents (0.8%) were 66 or more
years old see Figure 8.8.1.
b. Sex
To this •question 130 people responded, 59.5% of
respondents were men and 39.7% were women.
c. Education
From this question 4.6% were found to be illiterate.
The response to this question showed that 49.6% had only
Primary Education (7-11 years old), 19.1% completed
Guidance Education (12-14 years old). Nineteen point one
percent finished High School (15-18 years old), 7.6%
completed University.
d. Public concern over community problems.
Attitudes to seven community problems were surveyed
in question one. 61.8% of respondents were very often
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concerned about hospital incinerators, while 13.0% were
very often concerned about crime, 9.2% were very often
concerned about accidents, 21.4% were very often concerned
about smoking, 26.0% were concerned about risks at work,
11.5 % were very often concerned about industrial
pollution, and 19.8% were very often concerned about
traffic. For details see Table 8.8.1 and Figure 8.8.2.
Table 8.8.1 Community problems
Level of Very	 Time	 Not	 Don't Missing
perception often to	 much
time	 at all know	 %
Problem	 _______ %	 %	 %
Crime	 13.0	 43.5	 41.2	 -	 2.3
Accident	 9.2	 32.1	 51.9	 0.8	 6.1
Smoking	 21.4	 13.0	 52.7	 2.3	 10.7
Risk at work	 26.0	 16.8	 38.9	 5.3	 13.0
Industrial	 11.5	 38.2	 33.6	 6.1	 10.7
pollution_______ ________ ________ _______ _________
Hospital	 61.8	 30.5	 1.5	 3.8	 2.3
incinerator
Traffic	 19.8	 67.9	 7.6	 1.5	 3.1
e. Pro-j ect awareness and risk perception.
The second question surveyed awareness of the project.
According to the respondents 25.2% knew that there was an
incinerator project for the Razi hospital (Ahwaz). The
response indicated that 0.8% got the information about it
through newspapers, 19.1% through friends, nobody through
leaflets, and nobody through TV 5.3% heard about it from
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other ways.
Question three concerned possible problems caused by
an incinerator. For this question 77.9% of respondent
believed that smell was a more serious risk than other
problems. Table 8.8.2 and Figure 8.8.3 show the results
from the respondents to question 3.
Table 8.8.2 Risk from hospital incinerator.
	
Level of Very	 Moderate Not
	
Do not Missing
risk serious risk	 serious know
Problems	 risk	 risk
Fire	 68.7	 28.2	 -	 2.3	 0.8
Explosion	 24.4	 42.0	 14.5	 13.0	 6.1
Water	 28.2	 33.6	 11.5	 17.6	 9.2
Pollution
Soil	 17.6	 35.1	 18.3	 13.7	 15.3
contamination
Smell	 77.9	 17.6	 1.5	 -	 3.1
Noise risk	 13.7	 35.1	 30.5	 10.7	 9.9
Air Pollution	 62.6	 29.0	 1.5	 1.5	 5.3
Hazardous	 45.0	 45.8	 3.1	 2.3	 3.8
from big
lorries
Other risk	 2.3	 9.2	 16.0	 45.8	 26.7
f. Public concern over health problems.
Forty four point three percent of respondents to the
fourth question, felt very seriously that they had had some
trouble with their general health. According to the
responses 13.7% were very seriously concerned about eye
irritation. Respiratory problems were a very serious to
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15.3%. Tension concerned 29.0% and skin irritation, rashes
or spots were experienced by 32.8% very seriously. For more
information see Table 8.8.3 and Figure 8.8.4.
Table 8.8.3 Health Problems.
Level of Very	 Moderate Not	 Do	 Missing
risk	 serious concern serious not
Problem	 know
General health	 44.3	 29.0	 22.1	 -	 4.6
Eye irritation	 13.2	 23.7	 33.6	 1.5	 27.5
Tension	 29.0	 33.6	 -	 0.8	 16.0
Respiratory	 15.3	 17.6	 37.4	 2.3	 27.5
symptoms________ _________ ________ _____ __________
Skin	 32.8	 19.1	 22.1	 2.3	 23.7
irritation
g. Possible problems from incinerator proximity
According to question five, the hospital incinerator
is a cause of concern to 64.1% of those living near it. Of
these 58.8% very greatly were concerned while 0.8% was not
worried at all. These findings where supported by answers
to questions 7, 10 and 11. 	 A sizeable population
Question 7, 90.1%) is opposed to the idea that a hospital
incinerator should be installed close to their homes.
If a hospital incinerator is to be installed close to
their area (Question 10), 9.9% would like to move away but
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70.2% would not move away. Also the most suitable distance
to install a hospital incinerator (Question 11) should be
very far from their house according to 74.0% and far
according to 6.9%. Nobody wants to live close by.
h. Possible problems from factories.
Question 6 referred the effect of factories on the
community. Sixty four point nine percent were concerned
about the effects of these emissions from factories on the
health of aged people. Seventy point two percent had no
knowledge about the effect of such emissions on pregnant
women. Knowledge about the effects of emissions from
factories chimney on child health was well know to 47.3%
of responses. Eighteen point three percent of respondent
knew about the effect of these emission on crops. Twenty
point six percent thought the emissions caused a serious
problem to the health of animals. Fifty point four percent
have a firm belief that industries cause damage to the
environment. Thirty five point nine percent were ignorant
about the other effects of these emissions from factories.
See Table 8.8.4 and Figure 8.8.5.
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Table 8.8.4 Possible problems from factories.
Level Very	 Mode	 Slight Not
	 Do	 Miss-
of	 serious -rate	 problem serious not ing
risk problem problem serious problem know
Case
Elderly	 64.9	 23.7	 1.5	 0.8	 0.8	 8.4
people_________ _________ _________ _________ _____ _______
Pregnant	 70.2	 16.0	 4.6	 -	 1.5	 7.6
women
Children	 47.3	 24.4	 9.9	 3.8	 3.1 11.5
Crops	 18.3	 24.4	 16.0	 16.0	 6.1 19.1
Animals	 20.6	 36.6	 13.0	 9.2	 3.1 17.6
Environ	 50.4	 24.4	 3.8	 3.8	 1.5 16.0
-mental
pollution________ ________ ________ ________ _____ _______
Others	 0.8	 3.1	 3.8	 22.1	 35.9 34.4
1. Possible problems from a hospital incinerator.
Through the effect of emissions from hospital
incinerator chimneys upon elderly people (Question 12) are
known to be a very serious problem to 70.2%, 0.8 % are
completely ignorant about this aspect. Living in the
vicinity of a hospital incinerator is a very serious
problem for pregnant women according to 72.5%. A sizeable
number, 54.2% respondents, know about the effects of
emissions from a hospital incinerator's chimney on
children. The response indicates that 9.9% of people
believe a very serious problem will be caused to crops. The
effects on animals were well know to 26.0% and 44.3%
believe that hospital incinerators are a very serious
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problem to the environment. Thirty five point one percent
are ignorant about the other effects of these emission.
Table 8.8.5 and Figure 8.8.6 show results from these
responses.
Table 8.8.5 Hospital incinerator problems.
Level Very	 Mode	 Slight Not	 Do	 Miss-
of	 serious -rate	 problem serious not ing
risk problem problem serious problem know
Case
Elderly	 70.2	 18.3	 -	 -	 0.8 10.7
people_________ _________ _________ _________ _____ _______
Pregnant	 72.5	 15.3	 7.6	 -	 -	 4.6
women
Children	 54.2	 22.1	 3.8	 3.1	 4.6 12.2
Crops	 9.9	 30.5	 16.8	 13.0	 1.5 28.2
Animals	 26.0	 31.3	 9.2	 7.6	 1.5 24.4
Environ
-mental	 44.3	 28.2	 3.1	 3.8	 3.1 17.6
pollution________ ________ ________ ________ _____ _______
Others	 0.8	 2.3	 2.3	 23.7	 35.1 35.9
-I. Other considerations.
The response indicates that 6.9% of people would
participate in any action against the installation of a
hospital incinerator. 14.5% believe that it would bring no
advantages while 78.6% agreed it would allow the disposal
of hospital waste in a healthy way.
Elderly Pregnant Children	 Crops	 Animals Environment Others
Elderly Pregnant Children 	 Grope	 Animals Environment Others
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8.3.4 Survey findlnas from Sina hospital.
a. Ace
The first question of the survey asked people about
their ages. No person was missing, therefore 109 people
responded. The largest percentage of respondents (49.6%)
were between 36 and 55 years old. The lowest percentage of
respondents (6.4%) were 66 or more years old. See Figure
8.9.1.
b. Sex
To this question, 109 people responded. Seventy eight
percent of respondents were men and 22.0% were women.
c. Education
This question showed 19.3% of respondents were
illiterate. The response to this question showed that 57.8%
had only Primary Education (7-11 years old), 13.8%
completed only Guidance Education (12-14 years old), 7.3%
finished High School (15-18 years old) and 1.8% graduated
from University.
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d. Public concern over community problems.
Peoples concerns over seven community problems were
revealed, in question one. Twenty five point seven percent
of respondent were very often concerned about hospital
incinerators, 22.0% were very often concerned about crime,
10.1% were very often concerned about accidents, 37.6%
were very often concerned about smoking, 33.0% were
concerned about risks at work, 3.7% were very often
concerned about industrial pollution, and 15.6% were very
often concerned about traffic. For details see Table 8.9.1
and Figure 8;9.2.
Table 8.9.1 Community problems.
	
Level of Very Time 	 Not	 Don't Missing
perception often to
	
much
	
time	 at all know	 %
Problem______ %	 %	 %	 _________
Crime	 22.0	 32.1	 45.9	 -	 -
Accident	 10.1	 41.3	 47.7	 -	 0.9
Smoking	 37.6	 16.5	 40.4	 1.8	 3.7
Risk at work	 33.0	 12.8	 43.1	 6.4	 4.6
Industrial	 3.7	 14.7	 70.6	 6.4	 4.6
pollution_______ ________ ________ ______ _________
Hospital	 25.7	 56.0	 13.8	 3.7	 0.9
incinerator
Traffic	 15.6	 61.5	 18.3	 1.8	 2.8
e. Pro-j ect awareness and risk perception.
The second question, on project awareness, showed that
17.9% of respondents knew that there was a project for the
People
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0
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Sina hospital (Ahwaz) but 74.3% did not know that there was
a project for that area. The response indicated that 0.9%
got the information about it through newspapers, 13.8%
through friends, 0.9% through leaflets, nobody through TV
and 1.8% heard about it from other ways.
Question three revealed that 78.9% of respondent
believed that smell was a more serious risk than other
problems. Table 8.9.2 and Figure 8.9.3 show the results
from the respondents to question three.
Table 8.9.2 Risk from hospital incinerator.
Level of Very	 Moderate Not
	
Do not Miss-ing
risk serious risk	 serious know
Problemsrisk	 _________ risk	 _______ _________
Fire	 66.1	 26.6	 2.8	 4.6	 -
Explosion	 18.3	 40.4	 12.8	 25.7	 2.8
Water	 31.2	 21.1	 18.3	 23.9	 5.5
Pollution________ _________ ________ _______ _________
Soil	 31.2	 24.8	 18.3	 18.3	 7.3
contamination
Smell	 78.9	 17.4	 1.8	 1.8	 -
Noise risk	 11.0	 24.8	 54.1	 4.6	 5.5
Air Pollution	 53.2	 40.4	 3.7	 2.8	 -
Hazardous	 34.9	 52.3	 3.7	 2.8	 6.4
from big
lorries
Other risk	 0.9	 5.5	 15.6	 38.5	 39.4
f. Public concern over health problems.
49.5% of respondents to the fourth question felt very
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seriously that they had had sortie trouble with their general
health. According to responses 21.1% were very seriously
concerned about eye irritation. Respiratory problems were
a very serious concern to 14.4%. Tension concerned 26.6%
and skin irritation, rashes or spots were experienced by
21.1% very seriously. For more information see Table 8.9.3
and Figure 8.9.4.
Table 8.9.3 Health problems.
Level of Very	 Moderate Not	 Do Missing
risk	 serious concern serious not
Problem________ ________ _______ know _________
General health	 49.5	 31.2	 16.5	 0.9	 1.8
Eye irritation	 21.1	 18.3	 47.7	 -	 12.8
Tension	 26.6	 36.7	 32.1	 -	 4.6
Respiratory	 14.7	 20.2	 45.0	 9.2 1.0
symptoms__________ __________ __________ ______ ___________
Skin	 21.1	 16.5	 42.2	 9.2 11.0
irritation	 _________
g. Possible problems from incinerator proximity.
According to question five, the hospital incinerator
is a cause of concern to 68.8% of those living near it, of
these 63.3% were very greatly concerned. These findings
were supported by questions 7, 10 and 11. A sizeable
Fire ExpIosi3n Wgter	 Soil	 Smell Noise	 Air	 Lorries Other
Gtrnera	 Eye	 Tenskrn	 Respiratory
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population ( Question 7, 84.4%) is opposed to the idea
that a hospital incinerator should be installed close to
their homes.
For example if a hospital incinerator is to be
installed close to their area (Question 10), 2.8% would
like to move away but 80.7% would not move away. Also the
most suitable distance to install a hospital incinerator
would be very far from their house according to 78.0% and
far from according to 2.8% (Question 11).
h. Possible problems from factories.
Question 6 referred to the effect of factories on the
community. Sixty eight point eight percent were concerned
about the effects of these emissions from factories on the
health of aged people. Fifty three point two percent knew
about the effect of such emissions on pregnant women.
Knowledge about the effects of emissions from factory
chimneys on child health was well know to 43.1% and 17.4%
of respondent knew about the effect of these emissions on
crops. Ten point one percent thought the emissions caused
a very serious problem to the health of animals. Twenty six
point six percent have a firm belief that industries cause
damage to the environment. Fifty four point one percent
were ignorant about the other effects of these emissions
from factories. See Table 8.9.4 and Figure 8.9.5.
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Table 8.9.4 Possible problems from factories.
Level Very	 Mode	 Slight Not	 Do	 Miss-
of	 serious -rate	 problem serious not ing
risk problem problem serious problem know
Case
Elderly	 68.8	 18.3	 1.8	 0.9	 4.6	 5.5
people_________ ________ ________ _________ _____ _______
Pregnant	 53.2	 28.4	 7.3	 0.9	 6.4	 3.7
women
Children	 43.1	 31.2	 5.5	 7.3	 7.3	 5.5
Crops	 17.4	 19.3	 20.2	 16.5	 11.0 15.6
Animals	 10.1	 26.6	 19.3	 21.1	 10.1 12.8
Environ	 26.6	 32.1	 11.0	 7.3	 -	 9.2
-mental
pollution_________ ________ _________ _________ _____ _______
Others	 1.8	 6.4	 4.6	 8.3	 54.1 24.8
i. Possible problems from a hospital incinerator.
Through the effect of emissions from hospital
incinerator chimneys upon elderly people (Question 12) are
known to be a very serious problem to 62.4%, 8.3% were
completely ignorant about this aspect. Living in the
vicinity of a hospital incinerator is a very serious
problem for pregnant women according to 56.9%. A sizeable
number, 43.1% of respondents, knew about the effects of
emissions from a hospital incinerator's chimney on
children. The response indicates that 7.3% of people
believe that a very serious problem will be caused to
crops. The effects on animals were well know to 11.9% and
18.3% believed that hospital incinerators were a very
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serious problem to the environment. Eleven percent were
ignorant about the other effects of these emissions. Table
8.5 and Figure 8.5.6 show these responses.
Table 8.9.5 Hospital incinerator problems.
Level Very	 Mode	 Slight Not	 Do	 Miss-
of	 serious -rate
	
problem serious not ing
risk problem problem serious problem know
Case
Elderly	 62.4	 22.9	 3.7	 -	 2.8	 8.3
people________ ________ ________ ________ _____ _______
Pregnant	 66.9	 31.2	 5.5	 -	 4.6	 1.8
women
Children	 43.1	 33.9	 5.5	 5.5	 6.4	 5.5
Crops	 7.3	 17.4	 27.5	 19.3	 6.4 22.0
Animals	 11.9	 30.3	 14.7	 16.5	 5.5 21.1
Environ	 18.3	 36.7	 7.3	 7.3	 11.0 19.3
-mental
pollution________ ________ ________ ________ _____ ______
Others	 0.9	 1.8	 -	 3.7	 52.3 41.3
1. Other considerations
The response (Question 8) indicates that 1.8% of
people would participate in any action against the
installation of a hospital incinerator. Results from
question seven shown that 27.5% believe that it would bring
advantages while 73.4% agreed it would allow the disposal
of hospital waste in a healthy way.
Elderly Pregnant Children	 Crops	 Animals Environment Others
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8.3.5. Discussion
Tables 8.10.1. and 8.10.2. show the data related to cross
tabulation	 of participants' residential distance and their risk
perception (Ahwaz).
Table 8.10.1 Ahwaz-Residential distance and risk perception.
V65 HOW FAR AWAY SHOULD THE INCINERATOR BE
by V63 ARE YOU CONCERNED ABOUT LIVING NEAR AN INCINERATOR
V63	 Yes	 No	 Missing	 Row
Exp Val	 Total
V65________ _________ _________ _________
Close	 1.5	 .4	 .1	 2
	
___________________ -1.5
	 1.6	 -.1	 .4%
Far	 30.5	 8.8	 1.7	 41
-	 -3.5	 5.2	 -1.7	 7:4%
Very' far	 313.1	 90.4	 17.5	 421
__________________	 8.9	 -7.4	 -1.5	 76.0%
Do not know	 61.7	 17.8	 3.4	 83
___________________ 	 -1.7	 -1.8	 3.6	 15.0%
Missing	 5.2	 1.5	 .3	 7
__________________	 -2.2	 2.5	 -.3	 1.3%
Column total	 412	 119	 23	 554
74.4%	 21.5%	 4.2%	 100.0%
As the data of Table 8.10.1, above, indicate the closer the people
live to the hospital the more concerned they seem to be and vice
versa. The results of the Chi-square analyses on the differences among
their risk perceptions showed that the residuals of the obtained
frequencies and the expected frequencies in each cell are statistically
significant ( K = 22.73, df = 8, P = 0.00371.
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Table 8.10.2 Ahwaz-Desire to move and risk perception.
V64 HOW MUCH ARE YOU CONCERRED ABOUT HOSPITAL INCINERATORS
by V51 MOVE AWAY IF AN INCINERATOR IS TO BE CLOSE
V51	 Yes	 No	 Missing	 Row
Exp Val	 Total
Residual
V64____________ ___________ ____________ ____________
Very great	 24.9	 300.8	 37.3	 363
_______________	 .1	 3.2	 -3.3	 65.5%
Moderate	 2.1	 25.7	 3.2	 31
_______________ ___________ 1.3 	 .8	 5.6%
Slight	 .8	 9.9	 1.2	 12
________________	 .2	 1.1	 -1.2	 2.2%
Not at all	 .3	 3.3	 .4	 4
_______________ 2.7	 -2.3	 -.4	 .7%
Missing	 9.9	 119.3	 14.8	 144
	
- -.9	 -3.3	 4.2	 26.0%
Column	 38	 459	 57	 554
	
6.9%	 82.9%	 10.3%	 100.0%
Also the results (Table 8.10.2) of the Chi-square analyses on the
obtained differences among their risk perceptions showed that the
residuals of the obtained frequencies and the expected frequencies in
each cell are statistically significant [K = 34.57, df = 8, P = 0.0000]
These results, therefore, support the existing association between the
dependent variable and independent variable.
To sum up, the above data clearly indicate that the
	
- data
eJ in the above tables are quite supportive of the prediction made in
hypothesis 1 which assumed a significant association between
residential distance from the hospital and the risk perception towards
a hospital incinerator. The finding of this study is consistent with both
Chi-squares.
Turning now to the age variable, Tables 8.10.3 and 8.10.4 show the
cross tabulation of the data related to the age of the participants and
their risk perception.
Table 8.10.3 Ahwaz-age and risk perception.
V63 ARE YOU CONCERNED ABOUT LIVING NEAR A HOSPITAL INCINERATOR
	
Age Le	 26-	 36-45 46- 56-	 Ge	 Row
	
25	 35	 55	 65	 66	 total
Exp Val
Residual
V63____ ____ _____ ____ ____ ____ _____
Yes	 52.1	 93.0	 107.1	 91.5 52.1	 16.4 412
	
_________________ -4.1 -9.0
	 2.9	 4.5	 2.9 2.6
	
74.4%
No	 15.0 26.9	 30.9	 26.4 15.0
	 4.7	 119
	
________________ 5.0 7.1
	 -.9	 -54 -tO -t.T ______
Missing	 2.9	 5.2	 6.0	 5.1	 2.9	 .9	 23
	
________________ -.9
	 1.8	 1.0	 .9	 -1.9 -.9
	
4.2%
Total	 70	 125	 144	 123	 70	 22	 554
	
12.6 22.6	 26.0% 22.2
	 12.6	 4.0% 100.0
Table 8.10.4 Ahwaz-Age and detail risk perception.
HOW MUCH ARE YOU CONCERNED ABOUT HOSPITAL INCINERATOR(by AGE
group).
Age Le	 26- 36-45 46-55 56-65 ge	 Row
Exp Val	 25	 35	 66	 Total
Residual
V64___ ___ ____ ____ ____ ____ ____
Very great	 45.9 81.9 94.4	 80.6	 45.9	 14.4	 363
_________________ -2.9 -7.9 2.6
	 3.4	 3.1	 1.6	 65.5%
Moderate	 3.9	 7.0	 8.1	 6.9	 3.9	 1.2	 31
__________________ -1.9 1.0
	 -.1	 1.1	 -.9	 .8	 5.6%
Slight	 1.5	 2.7	 3.1	 2.7	 1.5	 .5	 12
_________________ 2.5
	 -1.7 -1.1	 .3	 .5	 -.5	 2.2%
Not at all	 .5	 .9	 1.0	 .9	 5	 .2	 4
________________ -.5	 1.1	 1.0	 -.9	 -.5	 -.2	 .7%
Total	 70	 125	 144	 123	 70	 22	 554
12.6 22.6 26.0% 22.2% 12.6% 4.0%
	 100.0
As Tables 8.10.3 and 8.10.4 show, the older the people the more
concerned they are. The results of the Chi-square analyses indicated
that the obtained residuals in each cell between the obtained and
expected frequencies are quite significant [K = 11.33, df = 10, P =3316]
These results are therefore consistent with the assumption made in
hypothesis 2 which predicted "There is a significant relationship
between risk perception and age" and so support hypothesis two. The
results from Table 8.4 [ K= 17.60, df = 20, P =.6132 ] showed that
detailed questions did not support this hypothesis.
For the sex variable, Tables 8.5 and 8.6 show the cross tabulation of
the data related to sex of the participants and their risk perception
Table 8.10.5 Ahwaz-Sex and risk perception.
ARE YOU CONCERNED ABOUT LIVING NEAR A HOSPITAL INCINERATOR (by
SEX)
Sex	 Male	 Female	 Missing	 Row
Exp Val	 Total
Residual
V63_______ _______ _______ _______
Yes	 302.7	 107.8	 1.5	 412
_________________ 1.3	 -1.8	 .5	 74.4%
No	 87.4	 .	 31.1	 .4	 119
__________________ 1.6 	 -1.1	 -.4	 21.5%
Missing	 16.9	 6.0	 .1	 23
_________________ -2.9	 3.0	 -.1	 4.2%
407	 145	 2	 554
Total	 73.5%	 26.2%	 .4%	 100.0%
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Table 8.10.6 Ahwaz-Sex and detailed risk perception.
V64 HOW MUCH ARE YOU CONCERNED ABOUT HOSPITAL INCINERATOR
Sex	 Male	 Female	 Missing	 Row
Exp val	 Total
Residual
V64_______ _______ _______ _______
Very great	 266.7	 95.0	 1.3	 363
__________________ 5.3
	 -4.0	 -1.3	 65.5%
Moderate	 22.8	 8.1	 .1	 31
________________ .2
	 -1.1	 .9	 5.6%
Slight	 8.8	 3.1	 .0	 12
_________________ -1.8	 .9	 1.0	 2.2%
Not at all	 2.9	 1.0	 .0	 4
________________ .1
	
.0	 .0	 .7%
Missing	 105.8	 37.7	 .5	 144
_________________ -3.8	 4.3	 -.5	 26.0%
407	 145	 2	 554
Total	 73.5%	 26.2%	 .4%	 100.0%
As Tables 8.10.5 and 8.10.6 show, when the respondents were
asked a yes/no question, the results showed that there was no
significant relationship between risk perception and sex
( K= 2.76, df = 4, P = 0.5972] but when the question was asked in a
more detailed manner, we can see that the results [ K 31.69, df= 8,
P= 0.0001 1 are supportive of the assumption made in hypothesis 3.
Turning now to the education variable, Tables 8.7 and 8.8 show
the cross tabulation of the data related to the education of the
participants and their risk perception of a hospit,il waste incinerator.
-	
.	 sin
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Table 8.10.7 Ahwaz-Education and risk perception.
ARE YOU CONCERNED ABOUT LIVING NEAR A HOSPITAL INCINERATOR (BY
EDUCATION)
Education lite Pri-	 Secon Higher Unive Miss
Exp Val	 -	 mary -dary educat -	 -ing
Residual	 racy	 -ion	 rsity
V63___ ____ ____ ____ ____ ____
Yes	 38.7	 220.1	 57.3	 72.1	 23.1	 .7
_________________ -.7
	 15.9	 -6.3	 -10.1	 1.9	 -.7
No	 11.2	 63.6	 16.5	 20.8	 6.7	 .2
________________ -.2
	 -17.6 7.5	 10.2	 -.7	 .8
Missing	 2.2	 12.3	 3.2	 4.0	 1.3	 .0
________________ .8
	 Ii	 -1.2	 .0	 -13	 .
52	 296	 77	 97	 31	 1
Total	 9.4% 53.4% 13.9% 17.5%	 5.6%	 .2%
Table 8.10.8 Ahwaz-Education and detailed risk perception.
HOW MUCH ARE YOU CONCERNED ABOUT HOSPITAL INCINERATOR (BY
EDUCATION)
Education lite-
	 Pri-	 Secoun- Higher Univer Miss
Exp val	 reacy mary	 dary	 Educa -sity	 -ing
Residual	 -Lion
V64____ _____ _____ ____ _____ ____
Very great	 34.1	 193.9	 50.5	 63.6	 20.3	 .7
_________________ -1.1
	 13.1	 -5.5	 -9.6	 3.7	 -.7
Moderate	 2.9	 16.6	 4.3	 54	 1.7	 .1
_________________ 1.1
	 3.4	 -.3	 -.4	 -1.7	 -.1
Slight	 1.1	 6.4	 1.7	 2.1	 .7	 .0
_________________ -1.1
	 -2.4	 .3	 2.9	 .3	 .0
Not at all	 .4	 2.1	 .6	 .7	 .2	 .0
_________________ -.4
	 -.1	 .4	 .3	 -.2	 .0
52	 296	 77	 97	 31	 1
Total	 9.4%	 53.4%	 13.9%	 17.5%	 5.6%	 .2%
As the data of the above table 8.7 indicates the people who were
educated more than others were more concerned, and vice versa.
[K= 22.63, DF= 10, P= .0121] The results of the Chi-square analyses on
326
the obtained differences among their risk perceptions showed that the
residuals of the obtained frequencies and the expected frequency in
each cell are statistically significant.
These result are therefore consistent with the assumption of a
relationship between risk perception and education when asked a yes
or no question but when asked in detail it is not statistically
significant [K=25.288, DF= 20 P=.1906].
CHAPTER NINE
HEALTH ASPECTS OF HOSPIThL WASTE INCINERATORS
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9.1 Introduction
The incineration of hospital waste is used mainly as
a means of achieving the maximum volume reduction of the
waste and the destruction of pathogens. Although not
necessarily so, it is usually a more costly method of
disposal than is controlled tipping and,for this reason
it has not generally been adopted when an authority has
access to long term tipping facilities. A problem of
increasing importance is that of collection and disposal
of solid waste, including refuse from hospitals.
It is possible that the failure to deal satisfactorily
with the never-ending flow of hospital solid waste may
constitute a threat to public health and may also
contribute to soil, water and air pollution as well as
encouraging flies, rodents and other vectors of disease.
The above is a vexy important statement; pollution of air,
water and land is causing increasing and very serious
concern in many cities. The growth of public concern
relating to municipal incinerators in general and
particularly to hospital incinerators leads to the
widespread fear of hidden health risks through exposure to
substances produced by an incinerator that could possibly
lead to irreversible disease processes.
While heart disease is the leading cause of mortality
in the developed countries, cancer is the most dreaded.
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There appears to be a public perception that if dioxins are
carcinogenic, mutagenic and/or teratogenic, there must be
an effect upon all residents near hospital incinerators
(Gatrell and Lovett, 1992). The disposal of toxic waste
creates a major pollution problem (Clark 	 el al., 1982)
and a potential for increased risk to human health (Neutra
,1983)
This chapter begins with the discussion of factors
influencing human exposure and continues with health
impacts of chemical substance. After that breast milk and
dioxins,discussed. Finally,psychological and social impacts
of hospital 'waste incinerationAexplained.
ode
9.2 Baseline study
This study concerns the EIA of hospital waste
incineration. The incineration of hospital waste is
designed to remove from the environment as a whole, various
forms of toxic, pathogenic and other harmful materials. It
is a form of pollution control for specific forms of
pollution from the solid waste produced by hospitals. As
in all forms of pollution control the alleviation of
environmental problems in one location can produce problems
in another location. An Environmental Impact Statement
followed by an Environmental Impact Assessment of a new
hospital waste incinerator may help to identify the
project's impact on the environment. An EIA may even
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demonstrate that such a project is not required (see
chapter 10).
Municipal or hospital incinerators produce some
beneficial materials and these can be considered as useful
by-products of incinerators. Energy from the combustion of
wastes can produce electricity, and organic wastes can be
recycled or converted to refuse-derived fuel for the
production of energy.
9.2.1 Factors influencing
 human exposure
In this part of the chapter I will discuss the factors
and pathways important in potential human exposure to
contaminants from stack emission or ash residue and their
effects on the human body. Health impact is quantitatively
defined by different levels of physiological response and
the affected population size. The most widely publicised
link between incineration and ill-health relates to the Re-
chem Plants in Pontypool and Bonnybridge. Among children
born in the vicinity of the two plants, cases of congenital
eye malformations have been reported in national
newspapers. These defects include the absence of an eye
(anophthaln*. ․ ) and reduction in the size of an eye
(microphthalmus). Official studies have been conducted by
the Welsh and Scottish Offices and neither of them found
any evidence to support the assertion of increased
incidence of malformations IflAVICIflItY of the Re-chem
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Plants. In fact, the Welsh Office reported over a ten year
period (1974-1983) on cases of eye malformation in Torfaen
District, within which the Pontypoo]. Plant is located.
(Welsh Office, 1985). This is in contradiction to the cases
identified and documented by the press. The variation may
be due to the fact that genuine cases might not have been
registered with the Office of Population Censuses and
Surveys, which is the main source of Government reporting.
In some parts of the UK (Birmingham for instance) there are
local registers of congenital malformations and comparisons
of these data with those from the Office of Population
Censuses and Surveys indicates the latter to be of
ambiguous quality when some classes of malformation are
considered (Gatrell, 1990). There is a health survey of
2039 persons in 606 households situated near a hazardous
waste disposal site in California, USA. By comparison with
a reference community it was possible to assess whether
rates of adverse health outcomes were increased among
persons living near the site surveyed. Medical records of
reported cancers and pregnancies, and birth and death
certificates and a household questionnaire were used.
Outcomes of the study showed that rate ratios were greater
than 1.5 for 5 of 19 reported diseases, for example asthma,
bronchitis, angina pectoris, ear infections and skin
rashes. In contrast the survey areas appeared similar with
respect to mortality, cancer incidence and pregnancy
results. Prevalence odds ratios for 23 symptoms were
uniformly greater than 1.0 and 8 symptoms had odds ratios
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greater than 1.5. These were blurred vision, daily coughing
for more than a month, frequent diarrhoea, vomiting,
frequent urination, pain in ears and unsteady walking
(Baker el al., 1988). Critical reviews of 29
investigations of the health of a population living near
to chemical waste disposal sites have confirmed that, with
one exception, evidence is weak for a causal association
between the occurrence of disease and vicinity to waste
disposal sites. This concept does not mean, the
investigators note, that such effects might not exist, or
that positive results were caused by pollution escaping
from the sites (Grisham , 1986). The two important
pathways for human exposure to toxic substances from
hospital incinerators are direct and indirect:-
a. Direct environmental impact
Inhalation exposure arising from emissions from
incinerators in general and hospital incinerators in
particular involves only one environmental medium, the air.
For example dioxin, sulphur oxides, nitrogen oxides and
other contaminants are emitted into the air,and then are
spread as they travel downwind to a point where they may
be directly inhaled. Tables 9.2.1 and 9.2.2 summarize the
estimated annual cancer incidence and maximum individual
lifetime cancer risk resulting from direct exposure to the
stacks of municipal waste incinerators. In the tables, the
annual incidence and maximum individual lifetime cancer
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risk estimates are desegregated by control scenario,
existing and projected combustor populations,incinerator
technology, and pollutant class (organic or metals). Also
shown are the annual cancer incidence and maximum
individual risk estimates contributed by pollutant classes
and by category of municipal waste incinerator design for
existing combustors. The mass burn non heat recovery
category is associated with the highest risk, and for
projected sources, the Refuse-Derived Fuel units appear to
pose the highest risk (EPA, 1987).
b. Indirect environmental impact
Analysis of samples from the vicinity of stack emissions
or ash residues have revealed a variety of chemical waste
constituents which have been released and have migrated
into the atmosphere, soil, surface water and ground water.
The most important potential for health effects is believed
to be associated with organic chemical contamination of
ground waters used for drinking water supplies (Washburn,
et al., 1989). A model of human exposure to air, water,
and soil are outlined by the author in Figure 9.2.1. Stern
conducted a study to assess the potential for adverse
health effects resulting from neighbourhood exposure to
soil and dust from a municipal incinerator ash landfill
site, which received ash from a incinerator from 1954-1973.
Soil was sampled for 10 heavy metals, polychlorinated
dibenzodioxins, polychlorinated debenzofurnas, 2,3,7,8-
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tetrachlorodioxin and furan congeners, polychlorinated
biphenyl, and polycyclic aromatic hydrocarbons. The
outcomes of soil analysis and modelling indicates children
are exposed to lead levels above that currently defined as
cases of lead poisoning. The potential for health effects
resulting from exposure to other substances measured in the
soil on this site is considered to be small, and no
significantincreased cancer risk is expected (Stern'.
-	 et al., 1989).
HOSPITAL
WASTE
INCINERATOR
AIR
SOIL	 -) MAN
WATER
Figure 9.2.1	 Effect of Exposure from Incinerator
Installation on Man.
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1. Impact on water
Ground water is recharged by rainfall and inputs from
surface waters into the aquifer. The route of ground water
flow is determined by the hydraulic gradients. Therefore,
where ash residues have been disposed of in landfills,
there is potential for their release from the disposal site
and subsequent escape into ground water or into surface
waters and subsequently into ground water. Some ash residue
disposal sites are located sufficiently near water bodies
for hazardous wastes to directly enter the surface water
by surface run off (Washburn et al., 1989).
2. Impact on soil
Toxic substances from ash residue, such as the heavy
metals, lead, mercury and cadmium can persist in the ground
for a very long time. There have been some incidents which
show the dangers to the public. Some of the hazardous
wastes at chemical disposal sites will readily attach to
soil particles (Chiou et al.,1979; Kenaga and Goring,
1980). Man is then exposed to soil-bound hazardous wastes
by direct contact with the ash residue, via inhalation or
skin contact of particles carried from the site by surface
waters or wind. In many places where a population is near
to a disposal site and where ground water is not used as
a drinking water resource, inhalation of wind-borne
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particles could be a major route of contact with hazardous
waste compounds (Johns Hopkins University, 1981).
3. Impact on air
Although hospital incinerators can reduce in volume
and destroy hazardous or toxic wastes, they also generate
undesirable air pollutants which require treatment
procedures to be adopted to ensure clean discharges of
combustion gases to the atmosphere. Hazardous wastes in
landfills can also be carried upwards as gases escape
through the soil and into the atmosphere (Shen, 1981,
Thibodeaux, 1981). Some of the most important research on
emissions of dioxin from municipal incinerators has been
conducted at the Warren Springs laboratory (Wallin and
Clayton, 1985).
Undesirable pollutants often include many chemicals,
for example:-
I. Products of incomplete combustion (PICs)
These chemicals, which are often amongst the most toxic
pollutants existing in stack emissions, are produced when
organic compounds recombine in the post incineration zone
of the incinerator. Many forms of Polychlorinated
]Dibenzo-p-dioxin (PCDDs) and Polychiorinated Dibenzofurans
(PCDFs) are amongst the most highly toxic compounds known
to humans, and have been found to bioaccumulate in
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terrestrial animals (Firgerio 1978) and fish (Stalling et
al., 1983).
ii. Hydrogen chloride (HC1) and other halogens
Halogenated organic substances when incinerated
completely will usually produce hydrochloric acid (HC1) and
chlorine (Cl 2 ) gases depending on the incineration
conditions. If there is a sufficient source of hydrogen in
the waste and incineration is at or near stoichiometric
condition, about 65 percent of refuse chlorine will be
converted to HC1 (Hackman, 1978). A 1980 test of a
Californiapathological waste incinerator burning 2.86 Kg/h
of hospital waste, indicated an average HC1 emission of
1120 ppm for test runs (ECE group Ltd., 1984). Dust samples
from 18 German hospital incinerators carried up to 12.9
percent chlorides. Many tests indicated that HC1 emissions
posed a potential health risk (Murnyak, 1982).
iii. Sulphur Dioxide (SOs)
Sulphur dioxide , on entering the intercellular
tissue, reacts with water to give suiphite ions. It is a
colourless, nonflammable and nonexplosive gas that starts
to be sensed at concentrations from 0.3 to 1.0 ppm in air.
The major sources of sulphur dioxide pollution in the UK
are power stations (71%), industry (15%), domestic (15%),
coxunerce (4%), and other (5%), (Green. et al., 1988).
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Increasing concern over sulphur emissions has resulted in
a drive to maintain all sources at as low a level as is
possible to achieve. In the UK sulphur emissions have
fallenlargely due to changes in domestic and industrial
fuel use patterns (Bromley, 1985). Sulphur dioxide gas
acts on the human respiratory system; it can cause
irritation and increase the resistance of the airway to gas
exchange although it is itself readily soluble and is
removed in the upper part of the airway to the lung, where
it combines with particles and aerosols (Clark, 1979).
iv. Nitrogen Dioxides (NO2)
In incinerator systems, predominantly oxides of
nitrogen are produced due to kinetic limitations in the
oxidation of NO to NO2 . The emission of oxides of nitrogen
is related to the temperature achieved by incinerators. As
compared to other incineration processes, hospital
incinerators achieve relatively low temperatures, therefore
low NO2 emissions (Hangebrauch, 1964).
This gas arises from the incineration of waste. It is
readily soluble in water, and tends to attack recently
matured leaves causing the problem of acid rain (Bromley,
J. 1985). Some (contested) experiments state that there is
an immediate effect on bronchitis and asthmatics, leading
to respiratory resistance (Clark, 1979). NO2 acts as an
acute irritant and in equal concentrations is more
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injurious than NO which reduces the oxygen carrying
capacity of the blood. It increases bronchitis in 2 to 3
year old children, and has been observed at concentrations
below 0.01 ppm. Adverse health effects for short time
exposure occur at a concentration of more than 940 ug/m3
(0.5 ppm). The WHO suggested a one hour maximum of 190-320
ug/m3 (0.10-0.17 ppm) of NO2 which is not to be exceeded
more than once per month.
v. Trace metals arid their complexes
Laboratory researches can supply information under
controlled conditions on the effect of pollutants on
materials, plants, animals and to a limited extent, on
humans. According to the EPA (1986) there are metals,
Arsenic, Cadmium, Chromium, Iron, Manganese, Nickel and
Lead in the refuse of hospital incinerators. Lead is the
most prevalent heavy metal pollutant in the air. It has
been indicated experimentally that at least 20% of inhaled
lead can be absorbed. Inhaled lead is one contribution to
the body's burden of lead which predominantly comes from
ingestion. The acute effects of lead poisoning on human
health include irritability, anaemia, miscarriage and, in
children, defects of the nervous system including mental
retardation, cerebral palsy and atrophy of the optic nerve.
(EPA, 1986)
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vi. Particulate matter
Particulate matter includes both liquids and solids
such as smoke, dust, condensed fumes and mist. The hospital
incinerator may emit a variety particulate matter. Numerous
studies have demonstrated a correlation with particulate
and sulphur dioxide levels because these pollutants cause
respiratory tract disorders in both adults and children
(Lave, 1977). Experiments with rodents suggest that they
are potent teratogens (Fletcher, 1985) but indications
about human health are not completely clear. (EPA, 1981)
9.2.2 Health impacts of chemical substances
The potential for adverse health effects on the
residents close to hazardous waste disposal sites may
involve any organ of the body or any of the vital
physiological functions. The effects would depend upon the
specific chemical, the characteristics of the individual
such as age, sex, and genetic make-up, the metabolism of
the chemical and the contribution of other variables such
as personal habits and prevalence of other diseases. Health
effects of primary concern to exposed residents at disposal
sites include genetic defects, cancer, congenital
anomalies, alterations of immunobiological homeostasis,
reproductive abnormalities and disorders of the central
nervous system and behaviour. (Schaumburg et al., 1983;
WHO, 1982; Shepard, 1983). Some emission from chimneys of
hospital waste incinerators are outlined by the author in
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figure 9.2.2.
Figure 9.2.2 Possibile emissions from chimneys of hospital
waste incinerators and hazardous potentials effects.
Substance & Source	 Important effect
Chimney:
Arsenic
Cadmium
Nickel
Asthma
neoplasia.
Lead
Dioxins
Ethylene
Hydrochloric
acid
Integument (skin) central nervous system.
Male and female infertility, development
disabilities low birth weight.
Skin irritant and contact allergen,
Lung and respiratory tract
Loss of weight, Central nervous system
Miaemia, Kidney, Lung.
Eyes and respiratory, haematuria, Skin,
Liver, Corner.
Paralysis, Malfunction of heart.
Conjunctivitis, Corneal necrosis,
irritation of skin and nephritis
(inflammation of the kidney:
Discharge air stream, Post-incineration residue
Sulphur dioxide Conjunctivitis, corneal necrosis,
bronchitis, burning skin.
Nitrogen dioxide Respiratory, central nervous system,
Circulatory.
Pathogens &
Virus
Ethane
Propane
Carbon monoxide
Depend to waste
Narcosis (paralysis)
Paralysis by inhalation of concentrated
gas.
Headache, dizziness and systemic pain.
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9.2.3 Liver in-jury by chemical materials
A typical form of health injury is caused by damage
to the liver. Its injury is in the form of the accumulation
of fatty deposits and hypertrophy of the endoplasmic
reticulum and may result from exposure to many chemicals.
The liver is a primary site for biotransformation of
chemicals as well as a target for the accumulation of
toxins. Farber (1980) studied the interaction between the
chemical metabolites and hypothecates which induce
biochemical changes and convert them into preneoplastic"
cells (Farber, 1980).
9.2.4 Carcinogenic Human Health Effects
Cancer is a disease that has occurred in humans since
prehistoric time and the causes of cancer have been a topic
of increasing concern. Approximately two centuries ago it
was detected that chimney sweeps, exposed to smoke from the
burning of coal and wood, had a high incidence of scrotal
skin cancer. This finding led to a requirement for chimney
sweeps to bath weekly and is recognized as one of the first
public health measures taken to prevent cancer (WHO, 1982).
A possible cause of cancer from incineration emissions
is dioxin. Unfortunately literature on exposure to dioxin
is poor as the research began only in the 1970s. Dioxin is
ranked as the most potent carcinogen studied by the
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Environmental Protection Agency. The first study which
indicated a link between dioxin exposure and cancer, was
a report from the former West Germany (Lundwigshaf en)
conducted into the incidence of cancer among workers
exposed to dioxin in an industrial explosion (Yanchinski,
1989). The result indicated that mortality due to cancer
of the trachea, larynx, bronchus and lung among these
workers was statistically in excess of expected numbers.
Polychlorinated dioxins are emitted from incinerators and
other incineration processes in which carbon sources and
chlorine containing materials are burned simultaneously
(Department of the Environment, 1989). There are many
chemicals which result from the recombination of the
products of incomplete combustion and their composition
varies with the proportion of the constituents of the
original waste which remains unburnt. (Erickson et al.,
1989; Trenholm et al., 1983).
The public perception of polychiorinated dioxin has
been formed from two sources. The exposure of the
Vietnamese population and US armed forces personnel to
Agent Orange, the herbicide 2,4,5-T which was heavily
contaminated with 2,3,7,8-TCDD during defoliation
operations in Vietnam was one. The second was in 1976 after
an incident at Seveso, in Italy, when a runaway reaction
in a trichiorophenol plant released 12 Kil ogranimes of
2,3,7,8-TCDD over the surrounding countryside, causing 134
people to suffer from	 ,the familiar symptom
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of human exposure to dioxin. That incident resulted in
dioxin levels in the soil and air high enough to require
evacuation of the public.
Dioxin is persistent in water and is not easily
degraded by sunlight or microorganisms, and is beteved to
accumulate rapidly in fish, it is causing increasing public
concern about its discharge to escalate. It has also begun
to appear in combustion products from waste incinerators
and the vicinity of dump sites. PCB5 and dioxin levels
higher than the US National Institute for Occupational
Safety and Health recommended exposure limit were found in
74% and 92% respectively, of samples of dust taken from
around the grounds of an American incineration facility
(Bryant et al., 1989).
9.2.5 Breast Milk and Dioxins
Dioxin and furans have been detected in human milk
samples obtained in several countries. Over the last decade
research in the USA and Europe shows that adipose tissue
and human breast milk have been contaminated with PCDD5 and
PCDFS (Schecter. et al., 1985; Ryan et al., 1985). One
source of these materials in the environment is municipal
waste or hospital waste incineration. The breast milk
content of polychiorinated dibenzo-p-dioxins (PCDD5) and
Polychiorinated Dibenzofurans (PCDFs) has been found to be
unexpectedly high (Commoner, 1985) It is a considerable
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threat to public health.
9.2.6 Impacts of individual Pollutants on breathing
Air pollution is truly a global public health
emergency. United Nations statistics show that more than
one billion people - a fifth of humanity-live in areas
where the air is not suitable to breathe (French, 1990).
Concern is growing around the world about the health
problem posed by less common but extremely harmful airborne
toxic chemicals such as benzene, vinyl chloride and other
volatile organic chemicals produced by factories and
automobiles. These chemicals can cause a variety of
illnesses, for instance asthma and obstructive pulmonary
disease. The term obstructive pulmonary disease is meant
to encompass both pulmonary emphysema and chronic
bronchitis (Schrenk, 1949; McCarroll, 1966). Some of the
symptom complexes designated asthma' have been related to
community air pollution. The general role of pollens and
dust in the precipitation of asthmatic attacks is well
'Pt,
known and need notdiscussed j this study. This is covered
in the work of Spicer and his colleagues (McCabe, 1952) and
the world wide experience reviewed by Booth and her co-
workers (Booth, 1965).
Some of the most toxic pollutants are insecticides
applied by spraying from the air. 2-4 Dichlorophenoxyacetic
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acid is an extremely effective pesticide, but it can also
damage sensitive plants and may be harmful to human health.
Occasionally some of these compounds are contaminated with
highly toxic chlorinated dioxins. The most hazardous of
these is 2,3,7, 8-tetrachlorodibenzo-p-dioxin (Barstad
,1978)
9.2.7 Psvcholocdcal and Social Impacts of Hospital Solid
Waste Incineration
This section concerns the psychological and social
aspects of a waste disposal site in general and hospital
solid waste incineration in particular. No one wants
hospital wastes; but the wastes cannot just be thrown away.
The Public does not want to live near a waste disposal
site. Although the wastes have to be placed somewhere, no
place seems acceptable to everyone. Hospital incinerators
are just one of many projects which need toaccepted
regionally, but are objectionable to people who must live
near them. Greenberg and anderson (1984) cited studies
showing that a community that gets a Locally Unwanted Land
Use (LULU) is perceived as an undesirable place to live.
For instance, about 200 persons in Erie County,
Pennsylvania (USA) were asked their reaction to the siting
of a municipal solid waste facility near their homes. Less
than six percent were willing to accept the facility, and
six percent undecided. Almost two-thirds were clearly
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opposed, and one-fourth would fight against the proposal
unless they could be convinced that the landfill would be
carefully operated.
The most significant psychological and social aspects
to be studied are the stresses and conflicts experienced
by people living in what they feel to be conditions of
risk. The methods used for the investigating of community
concerns and the way in which these are managed also have
an important influence on the psychological and social
impact experienced by the public of living near a waste
disposal site C Anon, 1988 ). In other words, proposed new
hospital incinerator facilities typically encounter intense
public opposition. At the heart of such opposition lies
fear, fear of being the victim of another environmental
disaster.
Sources of human stress directly related to urban
settings are well known and include air pollution, intense
noise, ambiguity and complexity, safety problems, living
in a situation of perceived risk as well as many other
factors ( Anon, 1988).
The idea that stress leads to illness has a long
history. The effects of the stress linked with most life
events and general social factors on the health and well-
being of individuals have been widely investigated by
researchers. (Leshan, 1959 ; Levi, L. 1971 ; Gunderson and
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Rahe, 1974.; .Depue and Monroe, 1986). In the early 20th
century, Sir William Osler suggested that stress
contributed to the development of heart disease.
The adverse effects of stress on physical health and
emotional well-being are now generally recognized, but
there is as yet little agreement on the definition of
stress (Selye, 1976). Stress is a word derived from Latin.
It was used popularly in the Seventeenth century to mean
"affliction, hardship, adversity or straits. In the
Eighteenth and Nineteenth centuries it was used to denote
pressure, force, strain or strong effort. In recent
years, considerable amount of public and professional
interest has been focused on the relationship between
stress and physical and mental health. Research has
demonstrated associations between stress and disease and
has suggested the importance of stressful factors and life
events.
Dohrenwend and his colleague (1981) think of life
stress processes as consisting of three main structural
components.
1. The first is the stressor component. These events can
range from extreme situations such as combat and natural
disasters to the more usual life events that most of us
experience at one time or another.
2. The second major component is the ongoing social
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situation.
• 3. The third component consists of personal dispositions.
Dohrenwend and his colleague have suggested five
alternative models portraying different ways in which
these three components of life stress processes may be
related to each other and to adverse changes in health.
They have called these models victimization,
vulnerability, additive burden, chronic burden and
proneness (Dohrenwend, 1981). These models are
summarized in Figure 9.2.2
It is very difficult or sometimes impossible to
determine the cause and effect relationship between
increased stress and many of the health effects reported
at waste disposal sites, although it is important to take
this into consideration. A report to the Housing Committee
of Knowsley Metropolitan Borough Council showed that
premature death was a startling 15 per cent above the
national average. According to the report, between 1975 and
1984, of the 5125 deaths recorded, 1074 (20.1%) were
prematurely caused by just two preventable diseases, cancer
and heart disease. Despite the lack of literature on stress
related illness, it would be valid to regard Knowsley
Metropolitan Borough as an area of high psychosocial
stress, caused to a great extent by the prevailing socio-
economic circumstances. It would also be true to say that
stress is a contributory factor in most illnesses and
possibly a precursor of premature death in Knowsley.
Figure 9.2.3.
process
A
Victimization
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Five hypotheses about the life stress
Stressful
life	 ----------- Psychopathology
events
Social
situation
B
Vulnerability	 Stressful
life-------------- Psychopathology
events
Personal
disposition
Social
situation
C
Additive	 Stressful
Burden	 life ------------- Psychopathology
events
Personal
disposition
D
Chronic	 Social
Burden	 situation
Personal
di posjtjos	 Psychopathology
E
Proneness	 Prior	
Exacerbation
psychopathology -
	 life	
of
events Psychopathology
Source: Dohrenwend, 1981.
CHAPTER TEN
EIA ND HOSPITAL WASTE INCINERATORS
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10.1 Introduction
In order to investigate the application of EIA methods
to hospital waste incineration I combined my investigations
at Kirkby and Iran with information taken from the
literature. This information has formed the bulk of my
thesis.
As described in Chapter Five there are many methods
for making an environmental impact assessment. Some
procedures are qualitative and others operate
quantitatively. Also, some methods are general and some
others are specific and based upon particular aspects or
conditions. Before choosing a specific EIA method for the
installation of a hospital incinerator, it is useful to
subdivide the implementation of an EIA into activities.
These are impact identification, prediction,
interpretation, communication, monitoring and mitigation.
It is important to bear in mind that not all EIA methods
cover all these activities. Some methods cover only a few
while others can be used for almost all the activities
mentioned above. Choosing a method depends upon the
particular demands of the user and type of project being
undertaken. For this reason the main methods are critically
reviewed as follows:-
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10.2 Critical review of the methods
Ad hoc (See Chapter 5).
These methods are widely used by USA Federal Agencies
after the establishment of NEPA (see Chapter 5, 5.8-a).
Although this approach assists in identification of
environmental impact it does not address secondary or
indirect impacts. It gives no guidance for the
communication of results, or on their interpretation. Also
it does not provide a helpful format for impact assessment.
Because of these limitations I believe this method is not
suitable for application to the installation of a hospital
incinerator. Although it may from an important first step
towards defining other procedures.
Checklists (See Chapter 5).
These show a particular list of environmental
parameters to be investigated for possible impacts (see
Chapter 5, 5.8-b). madio and Carlo (1990) reported on a
checklist approach for assessing the environmental impact
of a hospital waste incinerator in Rome. The different
kinds of checklists have various advantages and
disadvantages but they all have a great drawback. They
concentrate only on the negative side of the impact
phenomenon. Because they do not identify either the
positive environmental effects of a proposed installation
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or the ways in which negative effects may be reduced I do
not believe that checklists are useful in the environmental
impact assessments of hospital incinerators.
The Overlay Method (See Chapter 5)
This method was developed by McHarg (1968). It is a
well developed techniques for planning landscape and
architecture. He used a series of overlaid maps of
environmental concerns or land features to discriminate
between design, alternatives ( See Chapter 5, 5.8-c). The
technique relies upon a set of a project area's
environmental characteristics (Physical, social,
ecological, aesthetic). This method is used to identify,
predict and determine the relative significance of impacts
to place them in a geographical reference frame. Although
this method is comprehensive in its identification of
impacts, it is not capable of reflecting the possibility
of second order interactions. Experience with this method
shows that it is very helpful in assessing alternative
routes for linear developments, for example highways,
pipelines and transmission . This approach is very good for
indicating the particular dimension of impacts, but it is
less effective in dealing with other impact characteristics
such as probability (Bisset, 1987). In relation to hospital
waste incinerators the use of overlays is of limited value
as the main activity of an incinerat or is at a fixed
point. Nevertheless the use of the McHarg method as part
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of a wider EIA may be valuable. For instance in evaluating
the linear impact of transport systems taking waste to and
by-products from a potential site. In addition,the McHarg
technique may be applicable in helping to identify the
linear impacts of the down-wind effects of aerial
pollution. The method could be applied to different aspects
of the linear effects of aerial pollution in relation to
the wider area.
The Networks Method (See Chapter 5)
This approach helps in the identification of indirect
impacts (see Chapter 5, 5.8-e). It consists of a series of
cause/effect impact relationships. The Networks approach
is useful in identifying indirect impacts, but has
extensive resource needs. It does not provide a standard
means of deciding on the relative importance of differing
'cause-condition-effect' pathways. This method traces out
higher order effects, therefore it cannot identify all
those which could happen. Hence, the Networks method is not
suitable for a hospital incinerator. Although the Networks
Method is helpful in organizing information and deciding
on mitigation measures, it fails to indicate a means for
going beyond biological, physical and chemical impacts to
give quantitative values. Values which could be very
important at Kirkby and in Iran for example. Literature
shows this method has been applied to proposed commercial,
transportation and residential projects (Sorensen, 1971).
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The Environmental Evaluation Systems
This method is based on a quantitative, accumulated
index of 78 environmental parameters and 18 subcategories
and four broad categories. They are:- ecology,
environmental pollution, aesthetics and human interest.
These methods do not have guidelines which enable impacts
to be directly compared for relative importance (See
Chapter 5, •5.8-f). They do not deal with risk and the
temporal aspect is also limited. Other aspects which
characterize these methods are their complexity which
results in extensive data and manpower requirements. Also
the features of index methods make them politically charged
(Clark, et al., 1978 ). Therefore, these methods are not
suitable for hospital incinerators.
It is clear from what has been explained above that
time and manpower required to obtain the huge amounts
of data needed for this approach. One of the reasons that
EIA is expensive in a country like Iran ( a developing
country) is the limitation of technical data bases upon
which the hospital waste incinerator project's impacts are
to be based. As a result, a large amount of baseline data
must be collected which is not only expensive but may also
be impractical.
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Models
According to Munn (1975), Models in EIS are simplified
representations of the actual, complex systems which may
be affected by a project. Simulation models can produce a
helpful tool for formulating and assessing the likely
impact of alternative strategies before to the preparation
of land-use plans and policies (see Chapter 5, 5.8-g).
These methods are also vexy useful management tools to be
used after a project becomes operational. They can help in
many of the EIA activities, except that of impact
interpretation and evaluation (Bisset, 1987 ).
Unfortunately the information collected from models is
largely misunderstood, and sometimes misinterpreted,
specifically by individuals not familiar with the technical
features of the models. In my opinion this method is not
suitable for hospital incinerators because it is unable to
identify first-order impacts. It does not rank preferences
for alternatives and it does not incorporate value
judgments. Such methods need expert 	 interpretation,are
4,' 4.
very time consuming. For these reasons it is not suitable
for Iran and other developing countries. Also it is not
right for Kirkby because it is not comprehensive enough.
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ADC method
The PADC Method was created for use in the UK by the
Government, developers and public (see Chapter 5, 5.8-k).
The PADC Manual explicitly considers the magnitude,
prevalence, risk and mitigation. It is flexible but it does
not consider importance or alternatives. Therefore I think
it is not suitable for hospital waste incinerators and so
is not suitable for the Kirkby project. Also as it was
created for use in a developed country where more experts
are available	 it is not suitable from use in Iran.
Leoo1d Matrix
The Matrix is used to identify impacts by
systematically checking each development activity against
each environmental variable to identify whether an impact
is likely to happen. All matrices include two checklists,
one horizontal and the other vertical (see Chapter 5, 5.8-
c). Matrix based methods originated from the development
of the simple interaction matrix for the USA Geological
survey developed by Leopold et al., 1971. According to
Clark et al., 1978, the initial Leopold Matrix was divided
into five different categories, which were the descriptive,
symbolised, characterised, numerical and combined matrix.
This method was used for airport siting and development and
water resource control. The Matrix Modified versions
include fewer levels of magnitude and importance. This
approach does not recognize probabilistic factors.
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Although, very high resource demands are involved in
information gathering for the matrix it is easy to
construct, and it can serve as a focal point for analysis
and information collecting during the initial stage of an
environmental assessment.
Conc lus ion
Taking the information given above on the application
of EIA methods to hospital waste incineration I constructed
a matrix (Table 10.2.1) to identify the strengths and
weaknesses of each technique. This matrix confirms the
statement made in Chapter 5 that no one method is able to
meet all EIA criteria o.s table 10.2.1 illustrates. The
Leopold Matrix compared with other methods has major
positive points in assessing impacts (11 cases). Thus, I
selected the Leopold Matrix method for the assessment of
impacts of the installation of a hospital incinerator.
A full description of the different environmental
impacts of incinerators and their mitigation measures have
been presented in Chapter 5 and earlier this chapter. This
information caine from a literature survey and case studies
in Iran and Kirkby. This is shown in Table 10.2.2. This
information helped the author to prepare three matrixes.
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Table 10.2 ,1 Methods comparison for An EIA.
Methods
8U	 •r-I
U	 1.1U)	 U
U)	 0
.5-)
U)	 CI)	 0	 U	 U)
•'-I	 '-I	 E	 U	 '0C.)	 r-I	 I-i	 J-)	 U)	 p-I
0	 ,d	 0	 -	 r-I	 0Ci	 '-.5	 U	 C)	 I-i	 Cl.
Activities	 '0	 .	 .
	< 0 Z	 Z	 0
Easy to understand	 x	 x	 x	 x	 x
Identifies linear	 x	 x
impacts_____ ____ ____ ____ ____ ____ _____ ____
Identifies	 x	 x
mitigation me thods _____ ____ ____ ____ ____ ____ _____ ____
Does not need	 x
techenology_____ ____ ____ ____ ____ ____ _____ ____
Limiteduseof	 .	 x	 x	 x	 x
skilledmanpower	 ____ ____ ____ ____ ____ ____ ____ ____
Identifies health	 x	 x	 x	 x
risks_____ ____ ____ ____ ____ ____ _____ ____
Identifies natural	 x
impact____ ____ ____ ____ ____ ____ ____ ____
Longterm	 x	 j x
Identifies	 x
importantimpact	____ ____ ____ ____ ____ ____ ____ ____
Monitoring	 ____ _____ x
	
x
Positive and	 x	 x	 x	 x
negativeimpacts	 ____ ____ ____ ____ ____ ____ ____ ____
Area Considered	 _____ _____ x
	
x	 x	 x
Construction	 x	 x	 x
Physical&	 x	 x	 x	 x	 x	 x	 x
Biological____ _____ ____ ____ ____ ____ _____ ____
Socio-economic	 x	 x	 x	 x	 x	 x j x	 x
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Table 10.2.2 Possible Impacts and their Mitigation
Process	 Predicted	 Risks	 Mitigative
Hazard	 Measures
Transportation Leakage of 	 Infection	 Proper
of waste	 infectious	 Handling +
material	 Management
Incineration	 1.	 incomplete
	
Appropriate
c0ibs tiers
process	 Combustion	 technology +
treat.	 Respiratory.	 Methods +
2. Ash (fly	 Management
+ bottom)	 Crashes.
Visibility	 Poisoning
3. Gaseous	 (livestock,
emission	 fish,
soil,water,
agriculture).
Mental
4. Noise	 health.
Individual	 Stress due	 Depression +	 Inform
perceived risk to worry
	
illness	 Community
about
emissions
Waste product	 Leakage	 Infection +	 Constant
disposal	 Disease	 monitoring
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The next part of this chapter develops the use of a
Leopold matrix in the application of EIA to hospital waste
incinerators.
10.3	 The atrnlication of Leoi,old's Matrix in the
installation of a hosiital Incinerator
Starting from the baseline study, the impact
identification exercise was applied to the checklist of
Figure 10.3.1 and produced a list of important issues for
the socio-economic, physical and biological environments.
These were combined with the different incinerating
practices utilized in the literature and produced the
matrices lay out of Figures 10.3.2, .10.3.3 and 10.3.4.
These matrices are based on Leopold's matrix which will be
used in the assessment of different impacts that may result
from the installation of a hospital incinerator. I believe
that this is the first time that Leopold's matrix has been
used for the assessment of a hospital incinerator.
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Figure 10.3.1 Checklist of the environmental Impacts of a
hospital waste incinerator
1. Physical & Biological Impact
a. Air pollution (Incinerator emission)
i. Trace metal
	
-	 Arsenic
	
-	 Cadmium
	
-	 Chromium
	
-	 Iron
	
-	 Manganese
	
-	 Nickel
	
-	 Lead
ii. Polycyclic organic matter
	
-	 Dioxins
	
-	 Furans
iii. Low molecular weight organic compounds
	
-	 Ethane
- Ethylene
- Propane
- Propylene
- Trich].orotri fluo-roethane
- Trichioroethylene
v. Acid Gases
- Hydrochloric acid
- Sulphur dioxide
- Nitrogen oxides
iv. Others
- Particulate matter
- Carbon monoxide
- Pathogens
- Viruses
b. Water pollution
- Surface water
- Ground water
c. Soil contaminated
d. Terrestrial
e. Aquatic
f. Animals
g. Crops pollution
h. Food pollution
i. Traffic movements
	
j.	 Dust
	
k.	 noise
1. Odour
	
Tn.	 Bottom ash
2. Socio-Economic Impact
-	 Income for the city
-	 Psychopathology
- Employment
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Figure 10.3.1 Continued
- Family stability
- People displacement
- Children
- Public health
- Community stability
- Elderly people
- Pregnant women
- Value of property
- Energy recovery
- The loss of trust
- The inversion of home
- A changed perception of one's control over the present
and future
3. Human Health Impact
- Heritable defects
- Biologic principles mutation
- Skin rashes
- Central nervous system
- Liver
- Reproductive system and fetus
- Haematopoietic and Lymphatic system
- Lung and respiratory tract
- Carstrointestinal tract
- Cardiovascular system
- Cancer
- Ear infection
- Angina pectoris
- Bronchitis
- Asthma
- Vectors
10.3]. Explanation of Matrix weighting
The justification which follows shows the argument
behind the giving of numerical values for the magnitude of
impact effects and their importance. The main aim of the
Leopold matrix is the identification of impacts and
determination of their magnitude and significance. For this
purpose an interaction through a ca,e-effect relationship
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indicates the impact between the particular activities. As
described in Chapter 5, the identified impacts are
evaluated according to magnitude and importance on a scale
of 1 to 10 ( where 1-3 indicates the low effect, 4-7 shows
the moderate impact and 8-10 indicates a large impact), the
results are entered in the relevant cells in the matrix.
I have drawn up three Leopold matrixes covering the
assessment of impacts on the physical and biological
environment (Fig 10.3.2), the socio-economic environment
(Fig 10.3.3) and human health (Fig 10.3.4) in Kirkby. The
proposals for Kirkby are based on my own work and from
discussions with colleagues and fellow postgraduates in the
Environmental Resources Unit. The three matrixes contain
more than five hundred cells for the identification of
possible interactions. Limitations of space preclude a
discussion of the reasons behind the selection of these
cells and more so of the relative values of significance
and magnitude allocated to each interaction. I have
therefore selected several sample interactions to
illustrate the considerations used in selecting cells and
evaluating impacts.
a. PhyBical and Biological Environment. Kirkby (Figure
10.3.2)
Air quality can be affected by an incinerator- in
several ways. The important factors responsible for
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deterioration of the air quality are pathogenic bacteria,
arsenic, lead, dioxins, furans and ash for landfill.
The release of pathogenic bacteria through the chimney
during the malfunctioning of the incineration process and
also the transport and storage of the waste before
incineration may lead to the spread of infectious diseases.
Since the discharge would be through chimneys it would be
dispersed to and affect a large area.
Regarding the literature in Chapter 9 and case studies
in Iran and Kirkby Chapters 7 and 8, air pollution related
to pathogenic escape is important. For these reasons I
chose the cell which shows the interaction between air
pollution and pathogenic bacteria escape from a hospital
waste incineration project. Local people in Kirkby were
asked to give, in their own words, their feelings about
hospital incinerators, their replies were not very
different. An example was:-
I which to protest against the building of a hospital
waste plant in the industrial estate of Kirkby. As someone
who lives and works in the area which could be affected by
emissions from the proposed plant I feel that the close
proximity to the proposed site of housing, schools,
hospitals and sports grounds, makes its location
unsuitable. I am concerned over the possible ill health of
my family from incinerator emissions especially in the case
of breakdown or accidental emission of bacteria and toxic
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gases from the plant.
This has been considered important and has been assigned
a value of 3 in magnitude and 6 in importance.
Most of the laboratory waste from the hospital
contains many chemicals such as arsenic which is disposed
of through incineration. During the process it is not
destroyed but released to the atmosphere through the
chimney as well as to the soil by the disposal of ash. As
explained earlier arsenic can cause harm to the central
nervous system. Therefore, it is important and I have
chosen this cell. Regarding the literature in Chapter 9,
arsenic has human carcinogenic effects and systemic skin
effects. It is usually an acute poison; inhalation or
ingestion usually leads to chronic poisoning (see Table
9.2.1). Since this is also important and without any
control it can cause harm to humans and the environment.
Hence I have assigned a value of 3 to the magnitude and 5
to the importance. Even though the quantity of emission is
low the effect is still high.
Another concern which has been highlighted recently
is the lead emissions from hospital waste incinerators (see
EPA, 1988b). That lead may be absorbed by those who live
around the hospital waste incinerator. Epidemiological
studies are an important source of information for
assessing risk to human health and have produced much
information about toxicity to humans of materials such as
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lead. It can create diseases such as pigment discoloration
(blue-grey) and loss of weight (Grishaxn, 1986). Hence. I
chose this cell because of its significance impact. It was
mentioned in Chapter 9 and could be repeated, lead and
compounds are all cumulative poisons. It effects the human
central nervous system. All workers should be tested
periodically for lead in the urine and blood. The results
from these tests should be discussed with a physician at
least four times a year. Therefore lead was considered to
be rare and assigned a magnitude of 3 but if lead is
absorbed by Man it can be dangerous and hence was given an
importance value of 6.
Failure to achieve satisfactory standards for the
incineration process can result in some problems. For
example incomplete combustion will fail to destroy the
waste completely and therefore the danger will remain (see
Chapter 3). Also this condition can lead to the formation
of new substances, such as products of incomplete
combustion (PICs). Hence, it is important and for this
reason I chose this cell. As can seen from the literature
in Chapter 3, products of incomplete combustion (PIC5) in
significant quantities can be damaging to the environment
and human health. If a hospital waste incinerator is
properly operated, PICs will not be released at levels that
would be regarded as harmful. Hence, potential risk from
PICs can be estimated in the same way as risk from other
sources of hazard. Also some of the PICs could recombine
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to form other toxins such as a dioxins and furans.
Therefore, I have assigned a value of 4 to the magnitude
and 5 to the importance; even though the quantity of
emission is low the effect is still high.
There were people concerned over the dioxins, furans
and products of incomplete combustion (PICs) reported in
the soil (see Chapter 9) in the vicinity of incinerators.
Dioxins and furans are very dangerous and can create nausea
and vomiting, headache and signs of irritation to eyes,
skin and respiratory tract and human carcinogenicity
(Grishain, 1986). Therefore it is harmful to health and very
important, hence I chose this cell. The literature shows
(see Chapter 9) polychlorinated dbenzodioxins (PCDD)
changes to blood, liver damage, skin disorder, lung
lesions, loss of weight and death. Also dioxins can cause
cancer, reproductive failure, birth defects and reduced
immunity. Also as regards perceived local community
attitudes (see Chapters 7 and 8), the general impression
was that the local people in Kirkby and Iran were opposed
to the hospital waste incinerator proposal and were very
concerned about dioxin. Their feelings about dioxin are as
follows : -
1 would like to oppose the building of a hospital waste
incinerator close my to house. A hospital waste incinerator
will endanger the health of the local community as a result
of poisonous emissions into the air of dioxins. I and my
family are very concerned about dioxins which result from
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this project".
Hence the magnitude and importance for these substances are
rated 4 and 7 respectively.
The ash from a hospital waste incinerator is typically
disposed of in a landfill. According to EPA (1988c) studies
have not been performed especially for hazardous waste
incinerator ash. Assessment of risk from disposal in
landfill is vezy difficult to separate from the risks
associated with other substance in the landfill. Therefore
the magnitude and significance are not rated.
b. Socio-economic environment. Kirkby (Figure 10.3.3)
The potential sources of positive impacts can include
employment generation and expenditure of employees'
salaries in the local economy. The proposal to install a
hospital waste incinerator in Kirkby will provide permanent
employment for twenty five person full time. However, not
all these people will necessarily be local residents. It
should be noted, twenty five jobs in Xirkby are not vezy
important in comparison with the total population. As
stated by Mr Mike Maguire, treasurer of KAPIT in the
inquizy concerning a proposal to construct an incinerator
on the Kirkby Industrial Estate in 25.9. 92. • As many
people have already stated, Kirkby suffers from a high
level of long term unemployment. ... Kirkby has at least
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double the national average for unemployment. ... The
overall view is one of severe deprivation for large
sections of the community, who have a daily struggle to
make ends meet. That would be bad enough on it s own but
when you combine it with the overall health picture within
the town, the obstacles facing the community are even
greater. He concluded that the advantage of employment
provided by the project was outweighed by the disadvantage
of possible health risks. Therefore the magnitude and
importance are rated to be 1 and 1 for the construction
phase of a hospital waste incinerator, 2 and 2 for
collection and handling and for transport 2 and 2.
When a hospital incinerator is installed in a
community, children are faced with almost the same health
impacts as are adults. Although it is difficult to assume
that they are affected in the same way as adults, it is
clear that they are affected by the experience. Their
stress comes largely from two sources. First, parental
concern is passed along to them, as are the tensions due
to parental stress. Second, children have a variety of
experiences of their own involving direct impacts from
waste sites, equal pressures, and the consequences of being
taught to fear. The result is the sensitization of the
child to the issues involved in toxic exposure.
The lifestyle and habit differences in children may
make them more vulnerable to the impacts of hospital waste
incineration oe
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incinerators. They like to pass a gater amount of time out
of doors and play with soils and other substances,
therefore may be more exposed to emissions from hospital
waste incinerators. Hence they are more vulnerable. For
these reasons the magnitude of arsenic is rated to be 4 and
importance is assigned a moderate value of 7.
According to Smith, 1987:-
• Polychlorinated dibenzo-p-dioxins (PCDDs) and
polychiorinated dibenzofurans (PCDFS) have been detected
in human milk samples obtained in several countries.
Possible sources include emissions from incineration of
municipal waste in resource recovery facilities. A formula
is presented for calculating the infant daily dose of
dioxin equivalents from breast milk on the basis of the
maternal daily intake. Application of the formula suggests
that an infant breast-fed for 12 months would receive
around 10% of the cumulative exposure dose per body weight
that would be received by an adult with 50 years of
exposure. Further analysis indicated that the contribution
of dioxin equivalents from breast milk to an infant's body
concentration at the end of 12 months of breast feeding
would amount to 1.7 times the concentration in the mother."
Pregnancy is a time of many physiological changes in
women. The pregnant women would be at considerably high
risk. As mentioned in Chapter 9 (section 9.2.5), a
particularly worrying aspect of dioxin pollution for women
is its presence in breast milk. Therefore it is important
and I chose this cell.
Dioxin has been linked with birth defects and also
physiological changes in metabolism which may make pregnant
women more vulnerable to the effects of exposure to
dioxins. Hence the magnitude of dioxins for pregnant women
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is assigned to be low (2) and importance is rated to be 7.
Understanding both the magnitude and importance of a
person's environmental interaction becomes even more
important with increasing age. The decrease in the
efficiency to metabolize foreign compounds, the reducing
of reserve ability with age might all theoretically
increase the vulnerability of elderly people to certain
hospital waste incinerators. Therefore the magnitude of
lead is rated to be low (2) but importance is high being
assigned a value of 6.
c. Human health. Kirkby (Figure 10.3.4)
The plant is designed to process solid waste types
generated by hospitals in the Merseyside area. ¶I'pically,
these wastes include pathogens, toxic waste from the
laboratories and wards and pharmaceutical waste (see
Chapter 3). ¶[ypicafly the porters collect bags of waste
from wards and transport them by truck to the hospital
central collection for later transport to the hospital
incinerator area. Therefore in this process there are many
possibilities for puncture of the bags and other accidents
which could contaminate the environment and Man.
The impact of hospital waste incinerator emissions for
human health and the environment is not clear. Although,
there is likely to be better data in future years as
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measures to monitor emissions improve, this should enable
more accurate assessment of the character of the possible
implications for human health. To estimate or evaluate the
potential human health impacts correlated with hospital
waste incinerator activity, we need first to assess the
level of exposure to the hazardous material in the
environment. Second, estimating the magnitude of the human
dose based on hazardous substance concentrations in the
environment may need the application of many assumptions
with regard body weight, amount of derxnal absorption,
respiration rate, rate of incidental contaminated soil
ingestion and rate of consumption of food and water.
In many situations (such as the hospital waste
incinerator) emotional and psychological factors
overemphasize the scientific measurements of exposure. We
need a toxicological basis to compare the situation with
the help of independent experts. In spite of this lack of
information on hospital waste incinerators I have used
toxicology data from other source (e.g Figure 9.3.1) to
prepare the above matrix, hence, these values are my
opinion only.
10.4	 SWOT Analysis of the Leopold Matrix Method of
Assessment.
A SWOT analysis considers the strengths, weaknesses,
opportunities, and threats of an assessment.
380
a. Strengths
The chief strength of the Leopold Matrix approach for the
environmenta]. impact assessment of hospital waste
incinerators lies in its ability to deal with the
interpretation of the magnitude and significance of the
impacts. This method involves procedures whereby impacts
can be considered in terms of their relative magnitudes.
It can indicate that a relationship exists between a
hospital waste incinerator project action and its
environmental impact. For example the Kirkby or the Ahwaz
project.
The important strengths of this method for a hospital
waste incinerator project are its potential
comprehensiveness; its regard for an adequate base line
study and its clear linkage of actions and environmental
characteristics facilitating comparison of alternative
projects.
The strength of this method in relation to hospital
waste incinerators can be summarised in four factor as
follows : -
1. The Leopold approach identifies impacts from a matrix
of 100 project actions and 88 environmental characteristics
and adapts them for hospital waste incinerator project use
in Ahwaz and Kirkby.
2. This method uses a sensitive scale of 10 numerical
values to clearly assess the magnitude of the impact of an
action. These are very useful for the Ahwaz and Kirkby
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project because they make clear the impacts.
3. Similarly the subjectively derived estimation of the
importance of the impacts of the actions is recorded on a
scale of 1-10.
4. The method communicates findings through a display
matrix of impacts with accompanying text.
b. Weaknesses
The important weakness of the Leopold approach for hospital
waste incinerators in hwaz and Kirkby or other project are
its potential for widely varying quality of analysis;
inadequate treatment of indirect effects; failure to
separate project-related from non-project-related changes;
and lack of consideration of system functional
characteristics. Table 10.3.1 suinmarises and shows the
strengths and limitation of the Leopold method which was
used in an assessment of the EIA in the Kirkby project.
c. Opportunities
This method offers many opportunities for a hospital waste
incinerator study such as wide flexibility in data and
resource requirements like manpower, time, costs and
technologies. Other opportunities of this method are that
it also produces a practical pattern for the summarization
and presentation of impacts. This is very important for
cases such as the project in Iran where there are some
limitations in yçanpower, time, costs and alternative
technologies.
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d. Threatø
Although the Leopold matrix method identifies impacts and
determines their magnitude and importance, it does not
prescribe measurement strategies for them. For this reason
it has a large dependence on subjective evaluations and so
has a limited value for assessing social impacts such as
shown by the studies in Iran and Kirkby. The subjective
nature of the results is a threat to the decision making
process.
e. Conclusion
In conclusion, with regard to strengths, weaknesses,
opportunities and threats of the Leopold Matrix Method I
preferred this method due to its ease of use and lack of
need of professional specialists.
CHAPTER ELEVEN
CONCLUSION5ND RECOMMENDATIONS
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11.1 Conclusion3
This thesis outlines and discusses the major
environmenta]JsignificanE impacts caused by hospital waste
incinerators. This final chapter presents many conclusions
and some recommendations. It is hoped that they will be
useful for the EIA of future proposed hospital waste
incinerators in Iran and elsewhere.
Hospital incinerators, as well as other methods of
waste disposal, can introduce hazardous materials into a
community's environment. For instance by: waste water; air
emission; leaking storage containers; accidents; explosions
and fires. The British Department of Health and Social
Security believes that all contaminated waste from
hospitals should be incinerated at the place of origin.
(Department of the Environment, 1971). According to Lund
(1977) incineration is the safest method for the disposal
of hospital wastes butsince landfill costs are cheaper
than incineration andf ill must be considered as an
alternative to incineration wherever possible. The disposal
of hospital infectious and contaminated wastes by
controlled landfill is, however, not recommended, unless
the wastes are pre-sterilised by autoclaving before
landfilling (Hnatko, 1975).
Even after the installation of pollution control
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equipment, fully checking the operation of hospital
incinerators and implementing current regulations,
hazardous materials have a chance of finding their way into
the environment through gradual or unexpected emissions.
When considering the range of hazardous materials disposed
of in hospital incinerator processes, and their potential
routes of discharge into the environment, there is one
important question. "What is the risk of injury due to
these materials? After considerable study and a literature
search, I found it is 	 not an easy question to answer.
I have, however, addressed it in chapters four and six.
There is a old Chinese symbol which symbolises both chance
and risk. It could easily refer to incineration of hospital
waste. It is clear that no method of waste disposal is
risk free, and incineration is no exception. This study
shows the public concern about the effects of hospital
waste incinerators (Chapters 7 and 8). There are many
examples of incineration facilities in the United Kingdom
which have failed and have been forced to close because of
poor performance and public pressure; for example the
incinerator in Preston. Therefore, the public image of
incineration in Britain is not good. In the Kirkby area as
in most of the other areas where municipal hazardous and
hospital incinerators are planned, because they have
worries about the potential risks, the local people are
often opposed to them. In discussing risk in chapter four
I stated that it was desirable to obtain agreement on the
nature of risk in general and hospital incinerators in
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particular. From the literature, it is clear that often the
available information which is necessary to assess the
nature of the health risk from exposure to hospital waste
is not adequate because of the limitations of the available
methods of research. From the information that has been
studied in this thesis, it appears that risks to health
from hospital waste are probably small but very important
(see chapter six). An efficient risk management programme
relies upon a comprehensive understanding of the practical
and real nature of the risks. To achieve this aim, it is
necessary to understand the characteristic emissions of
hospital incinerators and the risks that they pose to human
health. As regards this problem, two things are very
important. First, research and secondly, public access to
and understanding of existing information. There is a need
for more research in both Britain and Iran, because there
is little epidemiological information relating to hospital
waste incineration in the UK, and there is nothing at all
available in Iran. The same situation appears to be true
of most other countries.
In most locations the majority of people disagree over
the siting of waste disposal facilities close to their
homes but they may have different value systems, and
perceive risks differently. Usually, educated people use
statistics and their understanding of science to assess the
risk of a hospital incinerator, but ordinary people base
their assessment of risk on less logical methods such as
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hearsay, media reports and what appear to be largely
emotional reactions.
For nearly four years I have been concerned with
studying how Environmental Impact Assessment might be used
in a positive way to mitigate the negative impacts of
installing a hospital incinerator. There are, however, two
diametrically opposed views on EIA. One is that, because
it is fundamentally a good technique, it should be created
as a statutory part of the normal planning procedure. The
second is that EIA is counter productive to development
projects, and may even prevent their implementation (see
chapter five). I believe that EIA is the most important
method of controlling pollution from hospital incinerators.
Experience shows that EIA is basically a pollution control
technique and helps us to a better understanding of the
environment in all its aspects.
Some authors, for example Lee and Wood (1978) indicate
that an EIA system might• ' relate,to major projects such
OiIy
as : -
i. Large industrial complexes;
ii. Large transport infrastructure developments;
iii. Large mining and other extractive industry
developments;
iv. Major new residential developments;
V.	 Other major infrastructure and non-industrial
development projects.
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I believe this list needs at least one item more. This
would be for small projects such as the installation of a
hospital waste incinerator for the disposal of toxic waste,
where although the size of the project may be small,
adverse public reaction, whether based on reality or
imagination might be intense. Therefore, I believe and
recommend that any small project which can create
significant risk for the environment needs an EIA. The
impact of all projects, large or small,clearly varies on
some points such as: process; location; raw material used;
and control of pollution. A hospital incinerator, although
a small project, may produce hazardous materials and could
have a greater environmental impact than that of some large
plants. For instance a small project such as insecticide
production could have hazardous impacts on the environment
and human health. An Environmental Impact Statement for the
installation of a hospital incinerator should contain
enough technical data to permit plarng authorities and
citizen groups to make an assessment of the environmental
impacts, and compare them with other techniques for the
disposal of hospital waste. In practice, this means that
an EIS for a hospital waste incinerator should present a
detailed description of the following points:- the waste
processes at the proposed incinerator; the nature of the
waste to be destroyed; the transportation and store of
waste; the planned control of air pollution; the impacts
of emission from fly ash and bottom ash from stacks,the
likely noise levels, the socio-economic impact, the public
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perception of the project, the potential for water
pollution, the risk of accidents and the impact on flora
and fauna. In other words such a study should be an orderly
assessment of the overall impact of a planned hospital
waste incinerator on the environment in terms of both
physical and soclo-economic impacts. A major and basic
component of any impact statement must be a detailed
description of the existing environment to provide a
baseline from which changes can be measured or predicted.
An EIA for the installation of a hospital waste incinerator
must answer five questions:-
1. Why must the hospital waste incineration facility be
constructed and what other options have been evaluated?
2. Why must the hospital waste incinerator facility be
constructed at the particular site and what other sites
were considered?
3. When must the hospital waste incinerator facility be
constructed and what long term planning has been carried
out to verify this decision?
4. What are the environmental impacts of construction and
particularly operation upon the natural, social and
economic environment?
5. How must the project be developed in order to ensure
that the environment and humans are protected and to try
to reduce all possible hazard impacts?
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11.2 Recommendations
11.2.1 Recommendations for EIA iinlementation
The following section considers and recommends the
environmental impact assessment process as it applies to
proposed hospital waste incinerator activities. The main
stages involved in carrying out an EIA for a hospital waste
incinerator are as follows:
a. Screening
Screening, to decide whether an EIA is needed, is
essential. It is, however, difficult to determine
accurately what constitutes a significant project but some
of the criteria used by Lee and Wood (1978) are useful
(see page 383)
b. Scoping
Good scoping is essential. The effectiveness of an EIA
depends to a large extent on scoping; that is, deciding on
the factors which should be considered during the EIA. The
important question is, what major forms of environmental
impact should be considered? I believe an EIA procedure
should take account of all or most impacts on the natural
environment, on health and on the social structure and
economic activity of the area. Scoping ensures that the EIA
39].
is concentrated on the most important impacts.
c. Choosing Methods
The final value of an EIA is depend on the validity.
of the methods used for its organization. I have
recommended the Leopold Matrix (Chapter 10) for this
purpose because it identifies and explains the potential
impacts of the proposed incineration. These include
positive and negative direct and indirect impacts, short
and long term impacts, and temporary, permanent and
cumulative impacts. Also the interrelationships between
human beings, flora, fauna, air, water and soil are
demonstrated.
d. Establishing baseline data.
The value of an EIA is dependent on the quality of the
baseline data. This data must therefore be both adequate
and valid. The baseline data for both the proposed hospital
waste incinerator and environment must be described in the
environmental impact statement and include information on:-
flora; fauna; soil; water; air; public perception and
socio-economic impacts. The different emissions from fly
ash and bottom ash must be described by type and quantity
and the expected rate of production should be provided in
the EIS.
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A review of the relationship between the proposed
hospital waste incinerator and existing environmental
standards for the area likely to be affected, particularly
including air quality and ambient noise standards,should
be made. If necessary research should be initiated to
collect essential information.
e. Assessing Impacts
Although the process is difficult, the magnitude and
significance of the impacts arising from the hospital waste
incinerator must be assessed in the EIS. Potential impacts
of proposed incineration on the baseline environment should
be identified and described. Both the positive and negative
impacts of the incineration should be defined to cover both
direct and indirect impacts, temporary, permanent and
cumulative impacts, and short and long term impacts. The
significance of identified impacts should be evaluated,
taking into account relevant information.
f. Consideration of other sites and methods
The consideration of 	 alternatives to the
intended incinerator, and the suggestion of mitigating
measures in the EIS must be given careful consideration.
For each proposal all significant adverse impacts should
be outlined, and all proposed mitigation measures should
be identified and described, and evidence provided to show
that these measures will be effective. If an alternative
site or method of disposal is proposed, then the choice
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should be fully justified.
g. Publishing results
The EIA should result in a clear concise and easily
understood Environmental Impact Statement. Any data,
conclusions and quality standards derived from external
sources should be completely acknowledged and referenced
in the EIS. Data should be submitted without bias and
receive appropriate emphasis. Finally, significant impacts
should be reported in a non-technical summary.
h. Consultation and Public involvement
Provision should be made for the consultation and
involvement of the public. It is important that sufficient
numbers of at least the non-technical summary of the EIS
are published to satisfy local demand.
i. Decision making
The result of steps a-h must then be taken into
account by the planing authority in order to decide whether
the project should proceed and whether or not changes
should be made to the initial proposal. The plan,ng should
take into account national and regional considerationswhen
reaching a decision.
j. Impact monitoring
If the proposal for an incinerator is implemented, it
is essential that the impacts are monitored and any
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necessaiy action taken to ensure that breaches of plarng
n
consent are minimised.
11.2.2 Final Comments
In most countries there is no strategy for the
disposal of hospital waste. Therefore, governments should
establish or develop a national strategy for its disposal.
In countries where there is a strategy, guidance is needed
in order that the best available options are used to
dispose of hospital waste safely, and minimise the risk to
human health and the environment. Due to the critical
environmental hazards arising from this type of waste (see
chapter 9), it is necessary that those third world
countries that lack suitable agencies, establish
organizational bodies to enforce appropriate laws.
Therefore I suggest that every country create an agency to
oversee and control all aspects of hazardous waste
including hospital waste management and its environmental
health aspects.
Proper education is needed for those handling and
transporting hospital waste, particularly for those
managing hospital waste incinerator sites. Firstly they
need to acquiring knowledge about handling and transporting
hospital waste. Secondly they need to gain experience of
the proper operation of incineration, as explained in
chapter three.
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Research is also needed into converting hospital solid
waste to energy, to make the technique economically
attractive, so that it would become the preferred method
of waste disposal.
The author believes that incineration is normally the
most effective way of disposing of hazardous hospital
waste. Nevertheless, there is still much to learn about the
health and environmental risks of the technique and he
suggests that more research is needed to determine the
long-term problems of air pollution and contamination of
water and soil by emissions from hospital incinerators. We
need more investigation into the potential health risks
from the lead, nickel, dioxin, bacteria and viruses
produced by hospital waste incineration.
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Au J. Mosavi
Environmental Resources Unit,
Salford University,
Salford,
M5 4WT.
Tel : 061 -745 5000
Dear Sir/Madam
I am doing research at the University of Salford into the
public's perception of incinerator installations in particular
hospital incinerators.
I am writing to ask if you would be willing to participate
in this study, which is being carried out in the Environmental
Resources Unit on the University of Salford.I would be most
grateful if you could spare a little of your time to answer this
questionnaire. It asks you about your own experiences and
opinions about incinerator installations and other related
information.
All replies will be regarded strictly confidential, and only
statistical totals will be used in the study.
Thank you very much for your co-operation, and I would
appreciate any help you could give toward my study as well. If
you have any questions or would like further information please
contact me at the above address.
Yours faithfully
Au J. Mosavi
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Questionnaire into the public's perceptions of Incinerator
Installations.
Biographical Information.
Please answer each of the following questions.
1- Name ...... . ................................................
2- Address . ...................................................
3 - What is the name of the district you live in?
4 - a. How long have you been living here?
b. .Why did you come to live in Kirkby?
5 - Age..... ........... ......Years.
6 - Sex? Please tick the appropriate box.
Male	 (	 ]
Fexnal e	 [	 ]
7 - a. Marital Status: Please tick the appropriate box.
Single	 (	 I
Married	 [	 I
Co-habiting	 E
	
I
Divorced	 (	 1
Widowed	 (	 I
Separated	 (	 I
b - If married, does your partner work?
Yes	 [	 ]
No	 (	 ]
c - If yes,
Pull-time
Part time
He
does ---- work?
She
(	 I
[	 I
8 - Have you any children?
Yes	 [	 I
No	 [	 I
If yes, please write in the ages of your children?
Boys	 Girls
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9 - How many people live in your house, including yourself?
Niiinber	 ......................... 6 ........................
10 - How many years have you had full- time education?
11- What level of education have you received?
12- What is your income per year?
13 - a. Do you have any job?
Yes	 (
No
b- If yes, how many hours per week.
14- Do you find time to relax and "wind down"?
Please tick the appropriate box
Always	 (	 I
Sometimes
Only when possible	 ( I
Not usually	 (	 ]
15 - Do you have a hobby or interest?
Yes
No	 I
16 - Do you exercise?
Please tick the appropriate box
Always	 I	 I
Sometimes ,when possible	 I	 I
Now and again	 ( I
Not usually	 I	 I
Never	 [	 I
17 - a. Do you smoke?
Yes	 (	 I
No	 I	 I
b .	 If yes, please give more detail.
Cigarettes Cigar
	
Pipe	 Other
Amount
	
-- --	
Number per day
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18 - a. Do you drink?
Yes	 .(	 I
No	 (	 I
b. If yes, howmany days perweek .........................
c . Averagequantityperday 	 ..............................
19 - a. Have you encountered any traumatic events over the past
year
(for example, death of relatives, moving)?
Yes	 (	 I
No	 (	 I
b.If yes, please outline.
20 - Which paper do you read normally?
Guardian	 I
Times	 I
Mail on Sunday 	 I
Sunday Telegraph	 I
Sunday Express	 I
Sunday Observer	 I
Daily Star	 I
Manchester Evening 	 I
Morning Star	 I
Mirror	 I
Mail	 I
Express
Telegraph	 I
Other
21 - a. Do you know that there is a project for the establishment
of hospital incinerator in your area?
Yes	 (	 I	 No	 (	 I
b. If yes where did you get the information?
Newspaper	 (	 ]
Friends	 (	 ]
Leaflets	 [	 I
T.V.	 [	 I
Person giving a talk. 	 (	 ]
Please answer the following questions.You should give your
answer by ticking one of the possible alternatives. Before
ticking a choice, make sure you know which is the end of
a question.
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1- How do you feel about the Kirkby area at present?
Please tick the appropriate box.
Very satisfied	 (	 ]
Fairly satisfied	 [	 ]
Quite dissatisfied	 [	 ]
Very dissatisfied	 [	 ]
Don't know	 (	 ]
2 - Do you feel that you have any trouble about your general
health and physical fitness ? Please tick the appropriate
box.
Alot
Quite often	 (	 ]
Occasionally	 [	 ]
Never	 [	 ]
3- Do you ever have any trouble getting to sleep?
Alot	 (	 I
Quite often	 (	 I
Occasionally	 [	 I
Never	 (	 ]
4- Have you ever been troubled by nervousness,feeling fidgety or
tense?
Alot
Quite often	 i:	 ]
Occasionally	 [	 I
Never	 (	 I
5 - Have you ever been troubled by eye irritation?
A lot	 (	 I
Quite often	 [	 I
Occasionally	 t:	 ]
Never	 (	 ]
6 - Are you ever troubled by respiratory symptoms?
(a bad chest, coughs, wheezing, short breath)
A lot	 [	 I
Quite often	 i:	 I
Occasionally	 (	 I
Never	 (	 I
7- Are you ever troubled by headaches?
A lot	 [	 I
Quite often	 (	 I
Occasionally	 (	 I
8- Have you ever been bothered by having an upset stomach?
A lot	 (	 I
Quite often	 (	 I
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Occasionally	 (	 ]
Never	 (	 ]
9- Do you find it difficult to get up in the morning?
Alot
Quite often	 [	 I
Occasionally	 (	 I
Never	 (	 ]
10- Have you ever been bothered by your heart?
Alot	 (	 I
Quite often	 (	 I
Occasionally	 (	 I
Never	 (	 I
11- Do you ever have spells of dizziness?
Alot
Quite often	 [	 I
Never	 (	 I
12 - Do your muscles ever tremble (e.g. hands tremble, eyes
twitch)?
Alot	 (	 I
Quite often	 E	 I
Occasionally	 [	 I
Never	 (	 ]
13 - Do you feel mentally used up and have difficulty in
concentrating?
Alot	 (	 I
Quite often	 (	 I
Occasionally	 [	 I
Never	 [	 ]
14 - Do you feel you are bothered by all sorts of aches and pains
in your body?
Alot
Quite often	 [	 I
Occasionally	 (	 I
Never	 (	 I
15 - Do you suffer from skin irritation, rashes or spots?
Alot	 (	 I
Quite often	 (	 I
Occasionally	 (	 ]
Never	 (	 I
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16 - If you suffer from any of these symptoms do they get better
when go on holiday?
Alot
Quite often	 [	 ]
Occasionally	 (	 ]
Never	 (	 I
17 - Do you have any health problems caused by toxic materials
which industrialists use near your residence?
Alot	 (
Quite often
	 [	 I
Occasionally	 [	 I
Never	 [	 I
18 - Do you think that an incinerator in the vicinity of your
house would be a problem for you?
A lot	 E	 I
Quite often	 (	 I
Occasionally	 [	 ]
Never	 (	 I
19 - Do you sometimes worry about the incinerator?
A lot	 (	 I
Quite often	 [	 I
Occasionally	 (	 I
Never	 (	 I
20 - Do you think that chemical incineration causes problems for
your health?
A lot	 (	 I
Quite often	 [	 I
Occasionally	 (	 I
Never	 (	 ]
21 - Do you think living in Kirkby is the cause of any of your
ailments?
Alot	 (	 I
Quite often
	 [	 I
Occasionally	 [	 ]
Never	 (	 ]
22 - Have you ever felt any problem from the amount of traffic
round your house or flat?
Alot	 (	 IQuite often	 (	 ]
Occasionally	 [	 ]
Never	 I	 ]
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23 - Do you ever experience nasty smells from factories in your
area?
Alot
Quite often	 [	 ]
Occasionally	 [	 ]
Never	 (	 ]
24 - Do you suffer from smells coming from lorries in your area?
Alot
Quite often	 [	 ]
Occasionally	 (	 I
Never	 (	 ]
25 - Have you ever seen any fumes from factories near where you
live?
Alot
Quite often	 (	 I
Occasionally	 [	 ]
Never	 (	 I
26 - Do you think ,the lorries cause any problems for the
children?
A lot	 i:	 ]
Quite often	 (	 I
Occasionally	 [	 I
Never	 (	 I
27 - Are you satisfied with cleanliness of your environment?
Yes	 i:	 I
No	 (	 I
Don't know	 i:	 I
28 - Are you satisfied with the appearance of your area?
Yes	 1	 I
No	 t	 I
Don't know	 (	 I
29 - How much do you think factories damage the environment?
A lot	 (	 I
Quite often	 (	 I
Occasionally	 t:	 I
Never	 (	 I
30 - Do you experience any trouble from sounds and noises from
factories?
Alot	 E	 I
Quite often	 [	 I
Occasionally	 (	 I
Never	 [	 I
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31 - Do you know whether there are any incinerators in your
area?
Yes	 (	 I
No	 (	 I
32 - a. Do you know what is emitted from an incinerator's
chimney?
Yes	 (	 I
No	 (	 I
b. If yes, please give more details.
33 - a. Do you know anything about the effects of emissions from
an incinerator's chimney upon children's health?
Yes
No	 [
b. If yes, how great is the effects?
Alot	 [	 I
Quite often	 [	 I
Occasionally	 (	 I
Nothing	 (	 j
Don't know	 (	 ]
34 - a. Do you know what the effects of emissions from an
incinerator's chimney are upon the health of elderly
people?
Yes	 (	 I
No	 [	 I
b. If yes, how great are the effects?
A lot	 [	 I
Quite often	 [	 I
Occasionally	 (	 I
Nothing	 (	 I
Don' t know	 (	 I
35 - a. Do you know what the effects of emissions from an
incinerator's chimney are upon animals?
Yes	 (	 ]
No	 (	 ]
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b.If yes, how great are the effects?
A 1t	 (	 I
Quite often	 (	 I
Occasionally	 (	 1
Nothing	 (	 I
Don't know	 (	 I
36 - a. Do you know what the effects of emissions from an
incinerator's chimney are on upon pregnant women?
Yes	 (	 I
No
b. If yes, how great are the effects?
A lot	 (	 I
Quite often	 (	 I
Occasionally	 (	 I
Nothing	 i:	 I
Don' t know	 i:	 I
37 - a. Do you know what the effects of emissions from an
incinerator's chimney are upon food?
Yes	 [	 I
No	 (	 I
b. If yes, how great are the effects?
Alot	 (	 I
Quite often	 [	 ]
Occasionally	 (	 I
Nothing	 [	 I
Don't know
	 (	 I
38 - a. Do you know what the effects of emissions from an
incinerator's chimney are upon the atmosphere?
Yes	 (	 I
No	 [	 I
b.If yes, how great are the effects?
Alot	 (
Quite often
	 (	 ]
Occasionally	 (	 I
Nothing	 (	 I
Don't know
	 [	 I
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39 - a. Do you know what the effects of emissions from an
incinerator's chimney are upon trees?
Yes	 (	 ]
No	 (	 I
b.If yes, how great are the effects?
Alot	 (
Quite often	 (	 ]
Occasionally	 (	 ]
Nothing	 [	 ]
Don't know	 [	 ]
40 - a. Do you feel concerned about living in the vicinity of an
incinerator?
Yes
No
b. If yes, how great is your concern?
A lot	 [	 I
Quite often	 (	 ]
Occasionally	 (	 I
Nothing	 (	 I
Don' t know	 [	 I
41 - Do you know anything about hospital incinerators?
Yes	 (	 I
No	 [	 I
42- Do you think that hospital incinerators cause problems for
health?
Alot	 (	 I
Quite often
	 (	 I
Occasionally	 (	 I
Never	 (	 ]
Don't know	 [	 I
43 - a. Do you think that is a good idea to build a hospital
incinerator close to your residence?
Yes	 (	 I
No	 (	 I
b. If no, have you any reason?
(	 1
(	 I
(	 I
(	 I
(	 ]
(	 I
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44 - Is it advisable to build a hospital incinerator close to
fields of from crops?
Yes	 (	 I
NO	 (	 I
45 - Would you participate in any action that is against
the implementation a hospital incinerator?
Yes	 (	 I
No	 (	 I
46 - What advantage is it to have a hospital incinerator in your
area?
Employment
Improvement of economy
Disposal of hospital waste in a
healthy way
Use in medical science
Other
Don' t know
47 - a. If a hospital incinerator was to be build close to your
area, would you move away?
Yes	 (	 I
No	 (	 I
b. If yes please give the reasons for your decision?
48 - How far away from your house do you think the hospital
incineration should be?
	
Less than 10 Miles	 (	 I
	10 Miles	 [	 I
	20 Miles	 (	 I
	30 Miles	 [	 I
	40 Miles	 E
	
]
	More than 50 Miles	 [	 I
Thank you for your help.
Not
serious
Risk
3
3
3
3
3
3
3
3
Don't
know
4 21
4 22
4 23
4 24
4 25
4 26
4 27
4 28
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A SURVEY TO ASSESS THE IMPACT OF THE INSTALLATION OF A
HOSPITAL INCINERATOR ON THE LOCAL COMMUNITY (IN KIRKBY).
PLEASE DO NOT TAKE ANY NOTICE OF THE FIGURE IN THE RIGHT
HAND COLUMI. THEY ARE FOR STATISTICAL PURPOSES.
Code
Years	 4-5
Please circle around your answer.
Sex:	 Male	 1	 Female	 2
	 6
Education level:
Primary Secondary Higher education University 	 7
1	 2	 3	 4
1. How often have you been concerned about the following
problems during the past year?
Very From time Not much
often to time	 at all
a. Crime	 1	 2	 3
b. Accidents	 1	 2	 3
C. Smoking	 1	 2	 3
d. Risks at work	 1	 2	 3
e. Industrial pollution 1
	 2	 3
f. Hospital Incinerator 1	 2	 3
g. Traffic	 1	 2	 3
Don't
know
4	 8
4	 9
4	 10
4	 11
4	 12
4	 13
4	 14
2.a. Are you aware that there is a project for installing
a hospital incinerator in your area?
Yes	 1	 No	 2	 15
b. If yes, how did you get the information?
Newspaper	 1	 16
Friends	 2	 17
Leaflet	 3	 18
T.V	 4	 19
Other	 5	 20
built in Kirkby, what3. If a hospital incinerator was
problems do you think might occur?
Very
Serious Moderate
Risk	 Risk
a. Fire	 1	 2
b. Explosion	 1	 2
c. Water pollution	 1	 2
d. Soil contamination	 1	 2
e. Odour (Smell)	 1	 2
f. Noise	 1	 2
g. Air pollution	 1	 2
h. Hazards from big
lorries	 1	 2
area cause any
Not
serious
problem
4
4
4
4
4
4
4
Don't
know
5 40
5 41
5 42
5 43
5 44
5 45
5 46
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i. Other (please specify) 1	 2	 3	 4 29
4. How often have you been concerned about the following
problems over the last year?
	
Very	 Not
serious Moderate serious Don't
Concern Concern
	 Concern know
a. Your general health 1	 2	 3	 4 30
b. Eye irritation 	 1	 2	 3	 4 31
C. Tension	 1	 2	 3	 4 32
d. Respiratory symptoms 1 	 2	 3	 4 33
(breathing)
f. Skin irritation	 1	 2	 3	 4 34
5.a. Are you concerned about the prospect of living near
a hospital incinerator?
Yes	 1	 No	 2	 35
b. If yes, how great is your concern?
Very great	 1
	 36
Moderate	 2	 37
Slight	 3	 38
Not at all	 4	 39
6. Do you think that FACTORIES in your
serious problems for the following:
Very	 Slight
serious Moderate problem
problem problem serious
a. Elderly people 1
	
2	 3
b. Pregnant women 1
	 2	 3
c. Children	 1	 2	 3
d.Crops	 1	 2	 3
e. Animals	 1	 2	 3
f. Environment	 1	 2	 3
g. Others	 1	 2	 3
7. Do you agree that if would be good to install a hospital
incinerator close to your residence? 	 47
Yes	 1
No	 2
8. Would you participate in any action that was taken
INCINERATORS cause any
Not serious
problem Don't
at all Know
4	 5 60
4	 5 61
4	 5 62
4	 5 63
4	 5 64
4	 5 65
4	 5 66
Slight
problem
serious
3
3
3
3
3
3
3
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against installation of a hospital incinerator?	 48
Yes	 1
No	 2
9. What are the advantages of having a hospital incinerator
in your area?
a. Employment	 1	 49
b. Improvement of economy	 2	 50
c. Disposal of hospital waste
in a healthy way	 3	 51
d. Use in medical science 	 4	 52
e. None	 5	 53
f. Don't know	 6	 54
10.If a hospital incinerator is to be built close to your
area, would you wish to move away?	 55
Yes	 1
No	 2
11.How far away from your house do you think the hospital
incinerator should be?
a. Close	 1	 56
b.Far	 2	 57
c. Very far	 3	 58
d. Don't know	 4	 59
12.Do you think that HOSPITAL
problems for the following:
Very
Serious Moderate
problem problem
a. Elderly people 1	 2
b. Pregnant women 1	 2
c. Children	 1	 2
d. Crops	 1	 2
e. Animals	 1	 2
f. Environment
	
(water, plants...) 1 	 2
g. Others	 1	 2
THANK YOU FOR YOUR CO- OPERATION.
APPENDIX 2
-	 442
	
Friday 31 May 1991	 Independent
•. Hospitals
criticised
On flurnIng
:.:.Of:*àsté •.-.
HUNDEDS of hospital incmer-
atorl are burning medical waste at
temperatures too low to break
down hazardous pollutants, waste
disposal contractors say in a re-
port published today.
The National Association of
Waste Disposal Contractors
(NAWDC), whose members rep-
resent 60 to 70 per cent of the in-
dustry, says that Britain must end
the "shabby" standards that have
sHowed hospitals to fall behind
technical advances in disposing of
waste safely.
Huspical incinerators are not
checked by thc Government's pol.
.jijjon inspectorate, nor-are local
:envimnniental .health officers
obligedto check emissions. The
association says this-means high
levels of pollutants such as heavy
• metals, acids,- dioxins, dust and
sulphur arc being belched into the
air.	 !.,.
Ihe associarloasays that most
of.tbe estintd 800 plants used
by health authorities cannot
,buzn waste at the required tern-
,perature, have no gas cleaning sys-
tem and no chhnuey of sufficient
height to disperse fumes.
4 David'Boysl, its director of in-
dustrial affairs, said "Never in the
21-year history of NAWDC has
the association come across an
-''area of-waste management where
the current practices are so ap-
Jpallingly below standard."'.
The Department of the Envi-
romnent has .aid small -hospital
. incinerators need not comply with
its latest emission standards,
• which arc less strict than those
recommended- by the association
• today, foranother five years. Un-
tiliast month- hospitals also had
Crown immunity, so they could
- not be prosecuted for poor stan-
	
"dards of emissions.. - 	 -
I The association wants the Gov-
-.	 By Susan Watts
Science Reporter ' -
crnment to make It illegal to
dump clinical waste from veteri-
nary surgeries, dentists and phar-
macies as well as hospitals on
land-fill tips. It says such waste
should be segregated at source,
packaged, labelled audhandled as
hazardous waste and stored and
transported in special containers.
It also wants Her Majesty's In-
apectorate of Pollution to enforce
new standards [or emissions. -
Mr Boyd fears that its new
guidelines will bring the associa-
tion up against the Office of Fair
Trading which may deem them
- - anti-competitive. If all the associa-
tion's members agree to its new
practices, customers- could have
less freedom - to use contractors
whose processes would still be Ic-
?aL "lize law will indeed be an ass
if we were to be penalised for cx-
-- posing a currently unsatisfactory
position and offering an environ-
mentally sound solution to a con-
siderable problem," Mr Boyd said.
He quoted a select committee
survey last year of incinerators in
Wales, which found that only two
out of 36 health authority plants
used any form of air cleaning
equipment, and only 10 burnt the
waste at sufficiently high tempera-
tures. None monitored the emis-
sions from their chimneys. Mr
Boyd believes this picture is re-
- flected throughout Britain.
He said it would be far cheaper
for the taxpayer if hospitals were
'to sendonly their most dangerous
waste to private contractors for
-- high temperature Incineration,
than for local authorities to spend
thousands of pounds upgrading
- each of their small plants to meet
stricter standard.." 	 -
-
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Waste incineration iñd I
Kirk..conthiue&..
OUR readers will have been surprised and disappointed to
hear about a new proposal to build a waste disposal
incinerator plant, this time actually within Klrkby. They
could be forgiven for thinithig that successful public
opposition to the. earlier, different scheme for an
incinerator at Glilmoss had closed the door on the whole
matter.
-. About the only good thing to say about thi suggested
Hammond Road site is that the prevailing wind would
blow the smoke away from Klrkby, not over it, unlike the
ahorthie Glilmoss project. But winds change in direction,
and occasionally do not blow at all, leaving the heavier
patfj in smoke emmisions (possibly Dioxins) to come
to rest within a small radius of the plant.
Even more .ilanning is the prospect of lorries
canying up to 200 tonnes of medical waste from
Merseyside and Cheshire per 'week tñvelling over our
roads: The disclosure that used syringes will be included
in this hvdous cargo causes especial concern, because
of all the publicity about A.I.D.S. and drug abuse. What
provision would be made for-the security-of-this-waste,
both in transit, and at the plant itself prior to its disposal?
Surely under the circumstances, the incineration of
these materials at source - i.e. at the hospitals
themselves - would be preferable. And ifthere are
objections to this because hospitals are located in or near
high-density population areas, doesn't the same argu-
ment apply to the Hammond Road site, which will be
situated just a little over half-a-mile from the edge of the
main Klrkhy residential area?
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burning. 'lhe D.E.P. didn't Select
Incuterallon; Ihe wiinties did," he
Mid. "Now we're holding their feet to
the lire lo carry wit the plana they pit
lorword."
New Jersey lieu only one aiIy
lacolily hi operattoi Cilia Warren
County pile.) end three other, wider
ceutsinociiwi (in Cemdcn, Gleumeter
end Essex Co.etuei). However. Dr.
Donald A, Dowse, an aulsia.tt corn.
msasionero( the Department of Levi.
retimuntal Pretoctien, eapucta thu
utile to meet iii deadline (or lull.
leuliciency, withal many a. 13 inclu.
eratoro In eperatisi militia the RiSe
si, to eight molulia .1 IIPL
To tllusira,e tile nimulattvu impact
of thee. ,ncsneralora, Assemblyman
Rice.', sUit, las drawn a map with
a Ii.mil, radsia areund the site. so.
lecled to indicate the alec sf veetest
eaposure to potentially llaaardwia oak
and acid gas emission..
Wilila mcinetnlur fallout dependa
with, kind of esniosmn control equip.
mont uialalled atm p1cm. thu siam elm
plam'ismokuesack and dil(uruncoa in
clirnotu. a. aide toM,. RIce.. Fran.
cia Rap.. said tile aiva on the map
Wa. based on data compiled (an.
Federal ,eparta and scienidle a,.
search, lame of ududl indicate lilat
emiumea us. travel U br 23 to 23
milen.
Rut Dr. Deime. who has berni wit.
spoken ahoit thai. who he soya'
"oeare residents .5111 lice and disIOt.
11011." told that Ihe map lied .w boom
Ia bet and 111.1 boa agency's regula.
tisia removed till moot advanced
lecionolege available to moumiam
emtiswnaiatllea,,a are,udaa iaclu'
utile,.
Witeoheror ile the prepoeld arm•
Hobim bucornea law. billIng a pan.
mae already marked by years of do'
lay and aniagoniam bet wee.
p.,,......s and entice of lncu,ura.
ilon.ie bill comes at a lime wile.
iy. isburs,mg alleniaitvea
are being pit (orth and several colas.
I)' dIlQsts are buginnung 10 exprele
semald iloouglila about IMir .nginal
plans.
Des emerging lecltnktogy highly
Iwilud by Mr. Rote. and ethefa to thu
ORFA pracena. wl,lda lakes tossup..
ed gaibsge and converts no.010110
lets a reusable (iber for paper prod.
limo wilitoit binibig or burying any
01 the trash. With only a pietotyp.
plant ic Setulorland. the aREA Cot'.
pstwtmon 01 America opened Ill lImo.
Iuui.acala ceinmercial plant in Plula.
deipilta lass year.
lesidus maintaining thaI 11 Isenvi.
vonme.taUy o.le. Mr. Rocco mid lila
the ereatoto bunulit of the ORFA pro.
loss was thai Ike plant would be built
with private money, by Use corpora.
lion thai developed the disposal pm'
cela. and net require cowuy bind
lawimof UI million 105100 million. 10
addilolu. cosimaled Ices fqr dumping
p • .at Use plant would behalf
aticipoied (or Incineraluru.
spring. Mr. Rice. persuaded
thI Cam3en Caimy Freehoidero to
bait pangresa on Uio county'. two
N,cinsrrnora (or three monlha in or.
dorih evaluate the ORFA facility, but
dhsitging the Ceunty'e luhd.wasio
plait was telected because 1110 lush.
wile,! ma, metside,ed too unprewni
and Ike (maocial csnaequencea of
abaome mc,neratio. were cwiaid.
aled too &iva
Stale environmental officIals have
also looked alIke ORFA procesa Cut
eapress dotubta absit la Viability 055
Oeiuliws iii few Jersey. questioning
the predIct's markesabilily. They
Sought
have aim dIed lIla fact thsl tha Phita.
detpluIa plani,w)oidswaabuttlapaw.
aa mush ci son two. of garbage a
day, lice yet to handle that velemu 01
waste.
Rut Mr. Room omtlnue. 10 pooh
the ORFA method. although Camden
Deity has broken g,wnd (or its iwo
bicuteratoru. "I can't underotsndwlsy
they're opposed 10 ii bosidea that
they've spent io muck money already
and don'i want to look at 1110mm.
Ilvos." he said.
Constriction on thu coonty'u Petal.
Saukea incinerstor boo been hailed
pending • rilIng by the Federal Levi.
retimental Prvtectlon Agency about
Its em,asisis cunurnl equlemeill. but
ufliclala are seeking to upgrade liii
plani, 151 alter their p10.01.
Mi,. laleudva Racyellag
For lila moot pail, other disposal
illernativea are baocd on moose tradl.
limed recycling practices — matte
separation of wall.., curbside colluc.
lien. largescale maletial processing
Coittera. compelling of (ud and yard
waste, market oupporta (or recycled
gends and public ediicatiwi — boil
apply IlIum mare inlensively in order
to puU wit a higher volunia ii macia
(Sr re'use.
For coample. a oem study euullnoo
how Union County. which tine. mate
SI Ito waste locaity. con recycle dl
percent of ito wao.e umuig prove.
lrdln000gy and procedures. Theceim.
ty to planning to build a l.lOO4enso.
day rnnnerator. buj,4eeo not have
final permitqnad'Ib (acing a lawsiat
aver tlg.adichosea (or Ike planI.
CetFileted by ten lnssiiiula br La'
col SeU.Rehance. a Vaslinigion.
baled advocacy group dIal works
with local cummimilma. and (ulonced
by a iron' (row Isle Geraldine L
Dodge Foundation. the report ol(ero a
compaa,tsve analysis of thu econoolt.
Ic and environnienlal (0015.1 sinner.
apis, and an atteritalive method. Thai
uaeiimd mchidea recycling and recov.
eying motinais tar a ief,iseidenvud
Intl prOduct that can be bou'icd more
saluty in coming industrial boilers.
"Maatmoauit$ recyclinu." the study
lonchoded. "would elumuiete the
masa.bunI ,ncmeralor and drassical.
hy reduce the envoronmemal and pub'
licheatth impacts of o.iid.waote man.
agement."
The analyst. also indicated that
pulling sa place suck a plan would
cost about a Ilurd o( lila liii million
price tag bar the enumIy'o incinerator.
lasndo. LIfuetl.w Psaeroma
And while state ollicualo cwuend
that most larnc.ocale recycline place
as, "based on a,hal people believe
will happen," tile inotttste'o Co.
(winder end solidnuaote espert, Nail
Sehdmsn. laid the data in te sautly
we., based on recyctuig proerama
amend tile country thai have been
effective, atthotioli unslung aa large
or a, comprehensive has been pig
into effect in a atnele community.
Rota recent experimental I0.veek
inienaive recycling pregram with ins
(anuliea in Eaot Hamtoo, LI., wan
able tocuwert 54 tercent o ula wastu
into compost and recyclable maten.
at,, AlUiough bated on a small Os..
pIe, a report released last month aug.
gesttd that to be cost.elfective and
(sciliisto market,.,, Ike system
oliould sine a mutinsim populalma
of tItan.
Developed by the Center tsr the
lielitey of Natural Systems at
Queens College in New Yotk, directed
by larry Cornntoeer. a similar pro'
gram to beatS put tntoef(ect in lull.
I., a city Di 230.000.
While praising Ike program. Cons.
missioner Dageelt was lint ready to
abandon burning. "I ran give you
both uu.ka iithe arguntenl," be ouid.
"If two build incinerators yms won't
have the utcenttve io achieve id per'
cent recycling, but what ule you .10
while you're trying to resell that icy'
ala-	 .
Alternatives to Incinerators
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